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SUMMARY 


Mojave Valley is wholly in San Bernardino County, California, and 
the Great Basin of the United States. Barstow, the largest town, is 150 
miles east of Los Angeles. The rural people are nearly all American-born, 
put many Mexicans work on the railroads. The valley has only two towns 
of importance, but only one-sixth of its approximately 6,600 persons live 
either on the farms or outside these towns and the other centers. 


Total annual precipitation is very low; humidity is also low; high 
temperatures occur in summer, and the daily range of temperatures is wide. 
Strong winds occur in certain seasons. Barstow's elevation is 2,105 feet, 
and its growing season averages 245 days, but sections farther west and 
south have higher elevations and shorter growing seasons. 


Electric power is available for domestic and irrigation use west 
of and including Barstow, Transportation facilities are exceptionally 
good. Alfalfa, dairy products, turkeys, and a few poultry products are 
the only agricultural commodities marketed to important extent outside 
the valley, 


The valley area under consideration consists of the recent flood 
plain of the river and the alluvial terraces bordering it, & summary of 
the agricultural value of the soils made as a result of official surveys 
covering 363,000 acres, shows less than 1 percent first grade; 14 percent 
second grade, 45 percent third grade, 14 percent fourth grade, 18 percent 
fifth grade, and 9 percent sixth gerade, 


The valley's agricultural history has extended over 70 years, but 
the present development is the result of individual, not community or 
group effort, notwithstanding the hundreds of thousands of dollars which 
have been spent by various agencies. Pumping from wells has almost en~ 
tirely displaced the earlier methods of irrigation involving gravity 
diversion from the river, A gradual growth has taken place in the last 
five years, although the present irrigated area is still less than that 
reported in 1917. 


The valley is not heavily burdened with community obligations, 


Between 1930 and 1935 the number of farms increased about 35 per- 
cent. The cropped area also increased by more than one-fourth, and is 
taken to be 6,000 acres, The land in operating fams which is available 
for crops is about double this acreage. 


Alfalfa is estimated to account for about 90 percent of the cropped 
area, Fruit, notably apples, which 15 years ago gave promise of playing 
an important part in the valley's agriculture, has lost that promise prin- 
cipally because of low prices and the expense of pumping in the sections 
best fitted to it otherwise, Alfalfa acreage has more than balanced the 
decline of the fruit acreage. Exceptionally high yields of alfalfa are 
obtained, and sales are made at premium prices because of excellent quality. 
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The future of the hay industry is clouded, however, by the short life of 
stands caused by little-understood diseases now widely current in the 
State, and authorities see no likelihood that good producing stands can 
be maintained for more than four or five years. 


Dairying is of present limited importance, and proposals looking 
to its expansion face the difficulty of breaking into the Los Angeles 
market, Poultry production has same promise, especially if the growing 
of grain should develop into greater importance by reason of crop-rota- 
tion necessities. The advantages attached to present specialization in 
hay-growing appear, however, to presage that alfalfa will continue to be 
the valley's principal crop for many years to come, although it is not 
now much more than repaying its cost of production. 


The average value of farm dwellings is close to the State average; 
the value of all buildings is a little above, and the value of farm imple- 
ments and machinery somewhat higher than the corresponding State averages, 
notwithstanding the fact that few tractors are operated, horses and mules 
being used instead, Most of the farmers do the greater part of the farm 
work, the farms being small (in point of cropped acreage) and mostly owned 
by their operators, Farm values are fairly high, but have declined severely 
during the past five years. The total value of farm land and buildings is 
in excess of $3,000,000, The farm mortgage situation has been somewhat 
relieved of late by refundings made through the Federal Land Bank, 


The water in the upper part of Mojave River Basin is remarkably 
pure and well-suited to irrigation use, In the lower portions of the 
Basin it is not quite so good. 


Most of the irrigated land in the valley lies adjacent to the 
river or in territory served by underflow from the same source. Usually 
the quantity of water applied for alfalfa ranges from six to nine acre- 
feet per acre per year, although on some farms quantities as high as 
12 acre-feet have been applied. Where five or more acre-feet per acre 
is used in irrigation of alfalfa, most of the quantity above three acre= 
feet passes below the root zone to the underground basin as return water. 
The amount of water applied for crops other than alfalfa usually does 
not exceed three acre-feet per acre annually. 


Most of the water used for irrigation in Mojave Valley is pumped. 
Present irrigation systems represent somewhat heavy outlays in wells, 
pumps, reservoirs, and pipe lines, but pumping lifts are fairly low. 
From the meager records available, the annual cost of electric power 
during 1934-35 for pumping ranged from approximately $6 to $22 per acre 
and $0.57 to $6.97 per acre-foot, the lower costs being for a 2l-foot 
lift and the higher for a 262-foot lift. The cost per acre-~foot per 
foot of lift ranges from 2.7 cents to 4.5 cents, The overall efficiency 
of the pumping plants varies from 44 to 58 percent. Data were not avail- 
able to cover other items, such as interest, taxes, insurance, deprecia- 
tion, repairs, etc., which enter into the cost of pumping, but it is 
estimated that the total cost of pumping ranges from $10 to $15 per acre 
per year. 
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The principal supply of Mojave River comes from 217 square miles 
of mountain headwaters which constitute the chief drainage system of the 
northern slopes of the San Bernardino Mountains. These headwaters com- 
prise two distinct branches, Hast Fork or Deep Creek, and West Fork, 
which unite at the base of the mountains to form the main river. This 
junction is known as the Forks. The headwater region above the Forks, 
forms a collecting area for both the surface flow of Mojave River and a 
large part of the groundwater of the valley. Below the Forks there is 
a series of underground reservoirs, Where the water table is not at the 
surface, the stream percolates into its bed to appear as rising water 
lower down. These natural underground reservoirs regulate the water 
supply by accumulating and storing the water of wet years for use in dry 
periods. This cyclic storage is a valuable asset to the development of 
Mojave Valley, but thus far has not been fully utilized. 


The average annual discharge of Mojave River from the mountains 
through the main river below the Forks is estimated as 90,000 acre-feet, 
while the increment from ground-water flow below Victorville is estimated 
to approximate 7,000 acre-feet; or together a total water supply of 
97,000 acre-feet per year. During a l2-year dry period, 1922-24 to 
1933-34, the run-off averaged 46,000 acre-feet per year, while during 
the 17-year period 1905-06 to 1921-22 the average stream flow is esti- 
mated to have been 122,000 acre-feet annually. 


There is no existing problem in Mojave River Valley of failing 
underground water supplies. After a long period of subnormal run-off 
the water table has fallen only slightly in most areas and in some 
instances has risen in recent years, Good wells are readily secured 
in most areas adjacent to the river and pumping lifts are not great 
except on the mesas above the river. 


Of the total average annual supply of water (97,000 acre-feet) 
considered as available for the valley, it is estimated that approxi- 
mately 1,100 acre-feet is consumed by towns, railroads, and industries, 
18, 000 acre-feet by agricultural crops, and 39,000 acre~feet by native 
vegetation, leaving a balance of around 39,000 acre-feet, a large por- 
tion of which would be available for additional development provided 
it were economically feasible. The results of a diversion to the Santa 
Ane Basin or development of additional acreage in the Mojave Valley 
would, if extensive, bring about a considerable change in the regimen 
of the river. It is apparent that any large development of the water 
resources of the Mojave River must contemplate utilization of under- 
ground reservoirs as well as surface reservoirs. 


The idea of diverting water not used beneficially, from the 
Mojave watershed to the south side of the mountains has been discussed 
at various times and in the interest of various localities. The pro- 
posal which led to the authorization of the study now being reported 
contemplates the use of Forks (West Fork) reservoir site (capacity 
112,000 acre-feet) a diversion tunnel to carry water thence to the 
vicinity of Devils Canyon (north of San Bernardino) a power develop- 
ment there which would be expected to defray a part of the total cost 
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of the project, and a distribution system by which the water would be 
made available in equal amounts to the three counties of San Bernardino, 
Riverside, and Orange. The dam at Lake Arrowhead would be raised and 
the lake used as a regulating reservoir with some storage. 


Plans for the transmountain diversion are as yet entirely on 
paper, Such as they are, they appear to indicate feasibility if judged 
solely on an engineering basis. However, before being entered upon 
they should be supported by detailed surveys, including careful explor- 
ations of proposed reservoir and dam sites, The economic feasibility 
of the expenditures then estimated to be necessary should be adjudged 
on the basis of water costs carried at the time by water users in Santa 
Ana Basin, taking into account such salvage requirements as may then 
exist. 


Recent important court decisions have simplified the legal 
obstacles which heretofore have prevented transmountain diversions of 
Mojave River water, but the fact that the area claiming or in position 
to claim rights to it is much larger than the area which it could 
actually serve appears to recommend that an adjustment of the rights 
be. obtained before any costly, large-scale development is undertaken. 


; Cost of water for irrigation in Santa Ana Basin runs from $10 to 
$15 an acre-foot and water for domestic and industrial use in the cities 
costs two or three times that amount. 


CONCLUSIONS 


The water supply of Mojave Valley is more than sufficient for 
the uses to which it is now put. Future agricultural development of 
the valley appears to lie along the lines of past growth; that is, by 
individual effort. An approximate doubling of the present irrigated 
area may be anticipated to result from such gradual expansion if it be 
undisturbed. This growth would probably be accompanied by 4 substantial 
inerease in the present consumptive use of water by crops and to some 
extent a curtailment of the consumptive use by native vegetation. 
Alfalfa will probably continue to be the principal crop, deciduous 
fruits now holding little promise of future importance. The possibil- 
ities of dairying, poultry raising, and truck growing are at present 
limited, and a general reluctance on the part of the farmers to a change 
in the concentration upon hay-growing should be taken into account in 
any plans for large-scale development, notwithstanding the fact that 
the profits in hay-growing are now small. 


Considering an equalizing series of years, a diversion of 40,000 
acre-feet annually away from the Mojave River watershed apparently would 
not curtail the present irrigation use of water between the Forks and 
Victorville; it would produce some deficiency between Victorville and 
Barstow, and almost certainly a substantial deficiency below Barstow; 
but if the water table can be lowered without reaching an une conomical 
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pumping level, the deficiencies might be made up from water stored under- 
ground and the resultant decrease in use by native vegetation. However, 
unless a substantial portion of the so-called non-beneficial use were 
corrected, no more than 15,000 to 20,000 acre-feet could safely be di- 
verted across the mountains. If the agricultural use were confined 
entirely to the area above Barstow, 25,000 to 30,000 acre-feet apparently 
could be taken out without curtailment of present irrigation consumptive 
use. 


Any diversion of Mojave River water outside its watershed should 
be made only after care is taken of the nomal agricultural, domestic, 
and industrial needs (including those of railroads) of the valley itself. 
The valley's rights should stand in the preferred position and outside 
claimants should be satisfied with what is left. Hence, provision should 
be made to protect the present water needs of the valley before the diver- 
sion elsewhere is begun in any year. 


There are no present legal obstacles in the way of a diversion, 
by appropriation, from one watershed to another in Califomia. Riparian 
owners are limited to the watershed if they rely on their riparian rights. 
The new State doctrine, however, not only protects the actual reasonable 
beneficial use of the riparian, but also his prospective reasonable bene- 
ficial use; and a user of ground water underlying his land has a right 
correlative with other overlying land owners to make a reasonable use of 
the common underground supply. There is no general rule as to just what 
lowering of ground water constitutes an injury; mere lowering of the 
water plane is not in itself a wrong. 


Whether or not present costs of water in Santa Ana Basin could be 
exceeded would apparently depend upon degrees of necessity and upon the 
other costs affecting the agricultural and other industries of the Basin. 
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INTRODUCTION 


This is a report by the Division of Irrigation, Bureau of Agricul- 
tural Engineering, United States Department of Agriculture, dealing with 
the general subject of the utilization of the water of Mojave River, 
California. 


Authorization 


The study upon which the report is based was authorized by Henry A. 
Wallace, Secretary of Agriculture, as 4 result of an appeal addressed to 
him by twenty-five southern California municipalities and water companies. 
Their letter follows: 


"Riverside, California, 
April 17th, 1935. 


"Honorable Henry A. Wallace, 
Secretary of Agriculture, 
Washington, D. C. 


"Dear Sir: 


"The undersigned organizations, through their respective 
officials, whose names are attached hereto, without obligation to 
any organization, respectfully request your cooperation, through 
qualified existing governmental organizations, to make an economic 
study of the Mojave River in the County of San Bernardino, State 
of California, with a view to planning a means of conserving all 
surplus water of said river over and above the amount now being put 
to beneficial use by property owners in the Mojave River valley, 
who have prior rights to the use of the Mojave River water. 


"The purpose of this study and survey would be to ascertain 
the amount of water, if any, which can be stored in reservoirs of 
the Mojave River watershed, the means of conveying the said water 
to the south side of the San Bernardino Mountains into the water- 
shed of the Santa Ana River and its tributaries, to augment the 
supply of water from the latter river now being used for domestic 
purposes to supply approximately 400,000 people, and to augment 
the supply of irrigating water used on approximately 350,000 acres 
of highly cultivated and productive agricultural and horticultural 
lands. The supply of water available from the latter watershed 
from gravity flow was formerly sufficient for all purposes, but 
with the increase of population and irrigated areas the water sup- 
plies are now inadequate and the underground water level is reced- 
ing at an alarming rate; in fact, some communities in this area 
are faced with the problem of securing additional water or reducing the 
anreage or restricting increased population. 
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"your petitioners will be very grateful for any assistance 
which you can render and will cheerfully furnish you with all avail- 
able data relating to the problems hereinbefore referred to." 


"Respectfully, 


"GAGE CANAL COMPANY, RIVERSIDE, CALIF., 
Arthur S, Holden, President; RIVSRSIDE WATER COMPANY, RIVERSIDE, CALIF,, 
Francis Cuttle, President; CITY OF RIVERSIDE, CALIFORNIA, E. B: Criddle, 
Mayor and President of Board of Public Utilities, RIVERSID2 HIGHLAND 
WATER CO., RIVERSIDE, CALIF., D. S. Bell, President; LA SIERRA WATZR 
COMPANY, RIVERSIDE, CALIF., R. H. Fuller, Secretary-Treasurer; SAN 
ANTONIO WATER CO,, UPLAND, CALIF., W. K. Beattie, President; CITY OF 
SAN BERNARDINO, CALIF., J. W. Catick, President of Water Board; CITY 
of FULLERTON, CALIFORNIA, William L. Hale, Mayor; OITY OF ANAHEIM, 
CALIFORNIA, Chas, H. Mann, Mayor; ORANGE COUNTY ‘JATER DISTRICT, 
ORANGE CO., CALIF., Willis H. Warner, President; SANTA ANA VALLEY 
IRRIGATION COMPANY, A CORPORATION, SANTA ANA, CALIF., A. N. Sexton, 
President; THE IRVINE COMPANY, TUSTIN, CALIFORNIA, James I[reine, 
President; SERRANO IRRIGATION DISTRICT, CALIFORNIA, Willard Smith, 
President; CARPENTER IRRIGATION DISTRICT, D. G. Evans, President; 
NEWPORT MESA IRRIGATION DISTRICT, C. W. Fendwinkle, President; 
CFTY OF HUNTINGTON BEACH, CALIFORNIA, T. B. Talbert, Mayor; 
CITY OF ORANGE, CALIFORNIA, C. J. Hessel, Mayor; CITY OF NEWPORT 
BEACH, CALIFORNIA, Herman Hilmer, Mayor; CITY OF LAGUNA BEACH, 
CALIFORNIA, Frank Ghampion, Mayor; CITY OF SANTA ANA, CALIFORNIA, 
Fred C. Rowland, Mayor; ANAHEIM EUCALYPTUS WATER COMPANY, ANAHEIM, 
CALIF., L. L. Bruns, President; YORBA LINDA WATER COMPANY, YORBA 
LINDA, CALIF., A. B. McDavid, President; SANTA ANA RIVER DEVELOPMENT 
COMPANY, SANTA ANA, CALIFORNIA, John C. Tuffree, President; ANAHEIM 
UNION WATER COMPANY, ANAHEIM, CALIF., H. H. Hale, President; 
TEMESCAL WATER COMPANY, CORONA, CALIFORNIA, Joy G. Jameson, President," 


Secretary Yallace’s reply, addressed to Mr. Francis Cuttle, who had 
acted as agent of the signers of the above-quoted letter, was as follows: 


"May 6, 1935. 


"Mr, Francis Cuttle, 
Room 324, 
Mayflower Hotel, 
Washington, D. C. 


"Dear Mr. Cuttle: 


"Careful consideration has been given to your communication 
of April 19 which transmits a request from the Gage Canal Company 
and twenty-four other municipalities and water companies of the 
Riverside area requesting that the Department make a study of the 
economic feasibility of storing surplus water on the Mojave River 
watershed and diverting it to the Santa Ana watershed for use in 
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that area. From the facts set forth in the communications accom- 
panying your letter, it would seem that impartial investigation of 
this problem was desirable. 


"The Bureau of Agricultural Engineering of this Department 
has given consideration to the matter and can arrange to undertake 
such an investigation and to assign to it two of their most exper- 
jenced men, Mr. Harry F. Blaney, Irrigation Engineer, and Mr. Paul 
A. Ewing, Irrigation Economist, on condition that the interested 
organizations will arrange to take care of necessary incidental 
expenses in connection with the investigation which, it is estimated, 
will not exceed $2500. If this arrangement will be satisfactory, 
the details of the undertaking can be worked out with the represen- 
tatives of the Bureau of Agricultural Engineering." 


"Sincerely, 
"(Signed) HENRY A. WALLACE 


"Secretary." 


Scope and Responsibility 


The survey ordered by Secretary Wallace was started by Mr. H. F. 
Blaney and Mr, P. A. Ewing on May 2 ema Nee fo Pa ee Sy first efforts were 
confined to the subject specified by the Secretary (i.e., the economic 
feasibility of storing surplus water on the Mojave River watershed and 
diverting it to the Santa Ana watershed for use in that area), but as 
their investigation progressed it developed that various controversial 
matters were involved and several State, county, municipal, company, and 
individual agencies concerned. To make the study entirely impartial and 
sufficiently comprehensive necessitated consideration of features not 
contemplated by the users of water in the Santa Ana area. It was there~ 
fore decided, with the approval of Secretary Wallace, that the Bureau of 
Agricultural Engineering should bear the entire cost of the investigation 
and that the employees assigned to it should receive no part of their 
salary or expenses from any other agency. Hence, the signers of the 
letter of April 17 were not held to the financial support specified in 
the Secretary's letter. However, since the available funds and the time 
of the investigators were limited, the Bureau undertook to complete the 
study within the period (three months) which had been estimated for it 
as first planned. Accordingly, the field work was closed about the mid-~ 
dle of June, and the remainder of that month and all of July were spent 
in the preparation of this report. 
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GENERAL FACTORS 


Location and Description 


Mojave Valley is wholly in San Bernardino County, California, and 
comprises a regionally important portion of the extensive area know gener- 
ally as, save Desert. Barstow, the largest town in the valley, is about 
150 miles,east of Los Angeles and 80 miles Borthof San Bernardino. Victor- 
ville is next in size to Barstow, and is situated more centrally as regards 
the agriculturally developed portion of the county, being about 35 miles South- 
west of Barstow. 


The desert region of southern California, including its part of 
Mojave Desert, is separated from the Coastal region by a rugged, continuous 
chain of mountains. This chain is divided by more or less pronounced topo- 
graphic features into several minor ranges, two of the more important of 
which are the San Gabriel Mountains and the San Bernardino Mountains. 
These two are, topographically and geographically at least, one range, 
the line of demarcation being Cajon Canyon. The San Gabriel Mountains 
lie west of the canyon; the San Bernardino Mountains lie to the east of 
it. 


Mojave River is in the Great Basin and constitutes the chief drain- 
age system of the northern slopes of the San Bernardino Mountains, rising 
in a section generally opposite the source of Santa Ana River, which rises 
on the southern slopes of the mountains in San Bernardino County, and flows 
thence in a southwesterly course through Riverside and Orange counties to 
the ocean. The mountain headwaters of Mojave River comprise two distinct 
branches, East Fork, or Deep Creek, and West Fork, which unite at the base 
of the mountains to form the main river. This junction is known as the 
Forks. Below it the river, in its course of 90 miles across the desert 
plain, receives not a surface tributary of consequence. The course of the 
river is first northward 30 miles, then northeastward 20 miles, and finally 
eastward 40 miles. The river sinks at Soda Lake at an elevation between 
900 to 1,000 feet above sea level. 


The river has peculiar characteristics which, combined, almost com- 
prise uniqueness. It receives a small underground replenishment from terri- 
tory outside its surface drainage and contributes a small underground supply 
to other territory similarly situated. It practices conservation by storing 
parts of its flood waters in large absorption areas and yields this stored 
water later as perennial stream flow, It brings its water to the surface at 
frequent intervals so spaced that the maximum benefits to man are derived, 
then husbands its water beneath the reaches of evaporation until the next 
oasis is reached. While apparently capable of supporting an agricultural 
area of large extent, the Mojave now serves an acreage of fractional extent, 
although with no general overdraft on the water stored naturally underground 
such as has taken place in some of the coastal valleys. 


Outside of the towns along the railroads, all the population is 
located on the irrigated farms and small homesteads in the valley. The 
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rural population is nearly all American born, but a large Mexican population 
works on the railroads. Barstow, the largest town in the valley, is an im~ 
portant railroad division point, and Yermo, located on the Union Pacific 
about 14 miles east of Barstow, is also made up largely of railroad workers. 
Other points on the railroad consist of Bryman, Helendale, Hodge, and Hink- 
ley in the Middle Mojave Valley. Daggett, Minneola, and Newberry, located 
on the Santa Fe in the Lower Mojave Valley, are used for water stations; 
likewise Harvard on the Union Pacific. 


None of the valley's towns is incorporated, but the following figures 
from the 1930 Federal Census show the approximate distribution of the popu- 
lation. The divisions shown are judicial townships. (See Frontispiece. ) 





Township Total Rural -— farm 
Barstow 2,455 354 
Belleville §22 57 
Hesperia 3a. 132 
Oro Grande 154 247 
Victor Sake 301 
Yermo 400 aby 
Total 6,695 iy coke 


Thus, despite the fact that the valley has only two towns of popula- 
tion above 1,000, only one-sixth of its total number of persons live either 
on the fams or outside the several centers. 


Glimate 


The climate is notably characteristic of that of the Mojave Desert 
region in that the total annual precipitation is very low, has low humid= 
ity, high temperatures in summer, and a Wide daily range in temperature. 
Strong winds occur at certain seasons. ‘ 


The mean annual precipitation at Barstow (elevation 2105) is 410 
inches. The maximum annual precipitation has been as much as 10.99 inches 
and the minimum 0.80 inch. More than 60 percent of the annual precipita- 
tion occurs during the months ef December, January, February, and March, 
when plants are dormant, Wictorville, at an elevation of 2727 and about 
35 miles southwest of Barstow, has a mean annual rainfall of 5.38 inches. 
Anywhere, however, there may be a wide fluctuation from the mean in single 
years because of storms striking one place and not another in their pass- 
age from the mountains to the south out across the desert. In general, it 
may be stated that the mean annual rainfall varies from about 6 inches in 
the upper valley to approximately 3 inches in the extreme northeastern part 
farther out on the desert. 


Barstow has a growing season with an average length of 245 days. 
The average date of the last killing frost in the spring is March 8, and 
the average date of the first killing frost in the autumn is November Bee 


The latest recorded date of killing frosts in the spring is April 3, 
and the earliest recorded date of killing frost in the autumn is October 19. 
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In general, the growing season and the temperatures increase with a 
decrease in altitude. It may be assumed that the growing season is shorter 
in the sections having elevations of about 2600 feet than in the portions 
lying at 1800 feet or lower. 


The daily range in temperature is usually large. Nights are usually 
fairly cool, while days are hot during the summer. 


Winds follow down the valley. The prevailing direction at Victor- 
ville is from the south; at Barstow and Daggett from the west. During the 
spring, winds reach a maximum velocity of 25 to 35 miles per hour at Daggett. 
A large amount of sand is moved by these winds in the dry channel of the 
Mojave River. Sand dunes are occasionally found associated with riverwash 
in the river channel. Blowing and moving sand constitutes a real problem 
in establishing crops on some of the sandier soil types. Windbreaks have 
aided to some extent in relieving this condition. Tamaracks are grown 
along the fences and ditches for this purpose. 


High temperatures and low humidity produce a high rate of evapora- 
tion, which soon disposes of the scanty rainfall. Heavy evaporation and 
transpiration take place from areas where the water table is close to the 


surface, 


The rainfall is so slight that very little grass springs up follow- 
ing the rains on the desert removed from the river. Crops cannot be grown 
without irrigation. Rains are so uncertain and small that not even summer 
fallow practice carries over enough moisture for crops from one year to the 


next. 


The general characteristics of the climate commend it to persons 
suffering from asthma and similar troubles, and several of the older farms 
have developed something of a reputation as guest or dude ranches among 
patrons seeking health or enjoying desert environments. 


Table 1 summarizes precipitation and temperature records accumulated 
by the United States Weather Bureau at Barstow. Available precipitation 
records for Helendale are summarized in Table 2 and for Victorville in 
Table 3. Precipitation in the mountain watershed is discussed in the chap- 


ter on Water Supply. 
Markets and Transpertation 


The valley is exceptionally well provided with transportation facili- 
ties. The tracks of the Santa Fe Railroad are shared with the Union Pacific 
from San Bernardino to Daggett, whence they continue eastward to Needles; 
the Union Pacific branches northeastward through Yermo and Harvard en its 
way to Las Vegas and Salt Lake City. A branch line of the Santa Fe extends 
from Barstow westward to Hinkley and connects with the San Francisco line at 
Mojave. Transcontinental paved highways cross the valley, Highway 71 branch- 
ing at Daggett and the Arrowhead Trail (Highway 66) going through Daggett and 
Yermo on its way to Las Yegas. Secondary roads are all good. 


Bridges cross the Mojave River at Victorville, Daggett, and Barstow, 
During periods of high water, difficulty may be encountered in fording it 
elsewhere. In fact, although the river bed is usually dry, it is extremely 
sandy and not easy to cross in some places. 
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Table 1. - Normal monthly, seasonal, and annual temperature ane 
precipitation at Barstow, California. (Blevation 2105 feet )=— 











Precipitation 





Temperature 


































: : “Total amount:Total amount 
Month Shas : Absolute : Absolute Wear for the : for the 
: maximum : minimum : driest year: wettest year 

(1904) =: (1918) 

cf OF bed i Inches Inches Inches 

December 45.8 87 12 0.52 7 0-50 
January 46.1 82 12 -76 7 13 
February 50.3 86 16 256 30 075 
Winter 47.4 87 ae 1,84 230 1.48 
March 56.1 94 21 264 si 245 
April Bis? 99 30 a5 00 ih 
May 67.5 we 34 By 00 .62 
June 774) 113 40 13 00 2.97 
July 83.7 114 50 oe 40 1.28 
August 82.4 112 48 15 7 06 
Summer 61.3 114 40 250 40 4.51 
September a RS | Lia: ce see .00 1.48 
October 63.8 97 27 039 00 278 
November 4.0 90 14 ses 00 ~c4d 
Fall 64.0 111 14 285 00 2.50 
Year 63.6 114 12 4,10 .80 10.99 


i/ Does not include records later than June 30, 1921, when the Barstow station 
of the United States Weather Bureau was closed. 
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Electric power is available for domestic purposes and irrigation 
pumping near Barstow and throughout the valley to the west. Schools, 
churches, and other social institutions are all available. 


Alfalfa, dairy products, turkeys, and a few poultry products are the 
only agricultural commodities marketedto any extent outside the valley. 
Alfalfa is the chief commodity and is hauled by trucks to the markets on 
the coast and other points in southern California. Dairymen and rabbit 
growers in Etiwanda, San Bernardino, Riverside, Pomona, and other nearby 
towns use considerable Mojave Desert alfalfa hay, which is baled on the 
farms and sold to the buyers in the bale on the farm. Good Mojave Desert 
hay usually sells at a premiun. 


Geology and Topography 


The valley area under consideration consists of the recent flood plain 
of the Mojave River and the alluvial terraces bordering it. Fairly recent 
and old alluvial fans extend down from the desert mountains which flank the 
valley at a distance of two to eight miles. These recent alluvial fans have 
a sloping terrace-like relief that is badly eroded. The recent flood plain 
deposits of the Mojave River have a wiath of one-half to one mile. Sand 
dunes occur in a number of places paralleling the channel of the Mojave 
River, a well defined belt of dunes stretching across the Lower Mojave Valley 
from a point about four miles southeast of Yermo, nearly to Newberry Station. 
(This belt is referred to later as the "Forks-of-the-Road Fault.") Some of 
the dunes rise 10 to 25 feet above the level of the plain. The eastern edge 
of this dune belt is rather sharp, while the western edge is more or less 
irregular. Another dune area is northeast of Newberry Station bordering Troy 
Dry Lake. These dune areas in the Lower Mojave Valley are no doubt due to a 
high ground-water level, with mesquites growing up and windblown sand gather- 
ing around them. East of the dune belt the water level is generally lower 
than on the west, and the pumping supply is less dependable. 


The following paragraphs, which describe the agriculturally important 
portion of the area with which this report is directly concerned, are ab- 
stracted from State Bulletin No. 47 t/ 


Upper Mojave Valley. - "The Upper Mojave Valley (see Plate 4-A in 
eect) is a part of a broad piedmont plain that slopes away from the 
northern front of the San Gabriel and San Bernardino mountains, along which 
it abuts for a distance of about 100 miles. Its eastern and western limits 
are formed respectively by the apices of the cones built by Arrastre Creek 
(six miles east of the Forks of the Mojave River) and Sheep Creek, (21 miles 
west of the Forks of the Mojave River). Its southern border is formed by a 
series of protruding bedrock hills that produce a narrowing of the valley in 
the vicinity of Victorville and Adelanto. The alluvial fill of the Upper 
Mojave Valley is apparently truncated on its south by a puried fault, desig- 
nated here as the Ord Mcuntain Fault, along the northern toe of Ord Mountain 
and the front of the hills of Tertiary sandstone which occur north of Horse- 
thief Canyon. Lying between the latter hills of Tertiary sandstone and Ord 
Mountain are dissected hills of alluviun, bounded on the south by the pro- 
posed Forks reservoir site and on the north by the above mentioned fault. 


y California State Department of Public Works, Division of Water Resources, 


Bulletin No. 47, "Mojave River Investigation," 1934, by Harold Conkling and 
George Gleason. 
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These sediments have been formed by the outwash of the West Fork of the 
Mo jave River and probably do not have great thickness south of the indi- 
cated Ord Mountain fault. North of the fault and over the greater part 
of the Upper Mojave Valley the depth of the water-bearing series has not 
been clearly determined. The wildcat oil well of the Victor Valley 0il 
Company, Victor No. 1, located in the SEE of Section 20, T5 N, R5 MW, 
S.B.B. &M., logged water-bearing sands and gravels from the surface to 
730 feet; pink shale, brown sandy shale and hard sand from 730 feet to 
1350 feet, excluding five feet of water gravel encountered at 1060 feet; 
and brown shale, lime and schist from 1355 to 1600 feet, total depth. 

A water well located in the SEZ of Section 16, T5 N, R4W, S.B.B. &M., 
reported water-bearing alluvial fill from the surface to 835 feet and 
hard granite from 835 to 861 feet, total depth. The wildcat well of the 
Hesperia Oil and Gas Company, No. 1, located in Section 29, T4N, R4 VW, 
S.B.B. & M., logged sand, gravel and gravelly clay from the surface to 
885 feet; lime, talc, clay, hard sand and gravel from 885 feet to 1105 
feet; hard sand, sandy shale, brown shale and lime from 1105 to 2941 feet; 
and limestone formation with streaks of fossil shells from 2941 to 3033 
feet, total depth. A water well located in Section 35, T4N, R5%, 
S.B.B. &M., and about two miles north of the San Bernardino Mountain- 
front, encountered the water table at a depth of approximately 750 feet, 
indicating that the bedrock near the mountain-front is quite deep. It 
is possible that the material logged largely as hard sand and shale in 
the Victor Valley Oil Company No. 1 well fram 730 to 1350 feet and in 
the Hesperia Oil and Gas Company No. 1 well from 885 to 2941 feet, may 
be correlated with the Tertiary sandstone which forms the hills south of 
Hesperia, and that the rocks penetrated at greater depths are a part of 
the basement complex. This inference, together with the depth to bedrock 
in the water well situated in Section 16, T5 N, R4W, S.B.B. &M., and 
the relatively deep bedrock indicated along the San Bernardino Mountain- 
front would suggest that the Quaternary water-bearing series has been 
deposited upon a relatively flat surface of the nonwater-bearing series 
and that it is approximately 800 feet thick in the central part of the 
valley and somewhat thicker adjacent to the mountain-front along the 
upper part of the alluvial cones. At least, the pervious fill is approx- 
imately limited to these depths. 


"The Mojave River has entrenched itself in a deep channel, extend- 
ing over the entire length of the upper valley. In the locality known as 
the Upper Narrows, near Victorville, it has cut a narrow V-shaped channel 
into the resistant granitic rocks which form a spur to: the hills along the 
eastern boundary of the river. Above the Upper Narrows it has widened its 
trench in the non-resistant fill material to an average width of about one 
mile. Recent fill has been deposited in its newly cut channel to a depth 
of about 50 feet. This latter figure is based upon test holes bored by 
the U. S. Geological Surveyl/ in the Upper Narrows. 


"The material comprising the older Quaternary fill has been consider- 
ably altered through weathering and as 4 result, its specific yield has been 
greatly reduced. Based on a study of a few well logs and a comparison of 


y U. S. Geological Survey, Water Supply Paper 140, "The Rate of Movement 


of Underground Waters," 1905, by Charles S. Slichter, pe 56. 
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the older fill to similar material in the South Coastal Basin, a specific 
yield of from five to 10 per cent is estimated for this altered material. 
On a like basis a specific yield of from 15 to 20 per cent is estimated for 
the recent fill deposited in the channel of the Mojave River. 


Middle Mojave Valley. - "The Middle Mojave Valley (see Plate 4-B in 
Appendix) is a long irregularly shaped area, extending from Victorville to 
a point near Daggett and is bordered by numerous hills whose steep alluvial 
aprons blend into a former flood plain of the Mojave River that stands con- 
siderably above the present stream channel, In this region the Mojave River 
is bordered by a recent flood plain, varying in width from a mile to a small 
fraction of a mile, which lies in the bottom of a trench cut into older de- 
posits of the river. Nearly everywhere the bordering topographic features 
suggest that the bedrock lies at no great depth, although there are no avail- 
able logs which give specific information. The regions of shallowest bedrock 
often manifest themselves by rising water in the channel. 


"Near Hodge the narrow valley of the Mojave River emerges downstream 
into a rather broad plain, possessing two outlets through which both surface 
and underground drainage occur. One is occupied by a gap approximately two 
and one-half miles wide located to the north and east of Hinkley, and the 
other is located in the eastern part of the valley and through which the 
Mojave River continues on its course to Barstow. There is possibly a third 
underground outlet to the sub-basin located to the west of Hinkley, but the 
available water levels show no divergence of the water table in this direc- 
tion. The water table in Hinkley Valley slopes in a north and easterly 
direction, a portion of the ground water moving through each of the gaps 
mentioned. Its movement through the gap to the north and east of Hinkley 
is greatly restricted by a number of small protruding bedrock hills that 
crop out in the central portion of the narrows. The underflow through this 
gap joins the water table of Harper Valley which is a deep structural basin 
filled with water-bearing debris to a depth of at least 2000 feet. This 
latter depth is evidenced by the C. C. Hamilton wildcat oil well situated 
in the northwest corner Section 11, T10N, R5 W, S.B.B. & M., which re- 
ported sand, sandy clay, gravel, and conglomerate carrying water to 2000 
feet; and lime, shale, hard sandstone, boulders and brown shale to 2187 feet 


total depth. 


"Several bedrock prominences oc¢eur in the flood plain of the Mojave 
River in the Hinkley sub-basin, indicating the general shallow character of 
the fill material. East of the Hinkley sub-basin the Middle Mojave Valley 
continues again in a narrow confined valley to a point near Daggett where 
it has its debouchment upon the broad plain of the Lower Mojave Valley. 


"The Lower Mojave Valley (see Plate 4-C in 
Appendix) is a broad triangular shaped flood plain formed by the Mo jave 
River. By the nature of the movement of its ground water, it may be di- 
vided into two sub-basins, one occupying the region to the west of the 
inferred Forks-of-the-Road Fault which traverses the valley ina north- 
westerly direction from Newberry, and the other occupying the territory 

to the east of the fault. Along this common boundary line the underground 
movement of the water has been greatly restricted; an abrupt drop in the 


Lower Mojave Valley. - 
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water table of from 25 to 40 feet occurs ina downstream direction at the 
fault. Considerable sedimentary clay, which has produced an artesian 
pressure area, has been deposited for a distance of about one and one-half 
miles above the barrier, indicating that the Mojave River has probably been 
impounded from time to time as displacement occurred along the fault. <All 
vestiges of the fault in the flood plain area, such as escarpments, have 
been either erased by erosion or buried by later debris. A direct effect 
of the fault is the high water table which has encouraged the growth of much 
water-loving vegetation, which has in turn given foothold to numerous sand 
dunes that cover a large part of the area above the barrier. 


"The river has entrenched itself into a rather narrow channel which 
becomes progressively deeper downstream from the upper part of the Lower 
Mojave Valley. Near Daggett its walls are 15 to 25 feet high, while a 
short distance below Harvard they rise about 75 feet above the channel. 
This trenching has resulted from a lowering of the local base level in the 
eastern end of the valley where the river has cut a rather narrow gorge 
into resistant bedrock. 


"The water table of the Lower Mojave Valley slopes in an easterly 
direction and more or less follows the general inclination of the plains. 
Ground water ‘spills’ over the high bedrock present in the lower part of 
the Middle Mojave Valley into the deeper fill of the Lower Mojave Valley 
at a point about two miles west of Daggett where the water table stands 
at a depth of approximately 40 feet below the river bed. Beyond this 
point the water table gradually approaches the surface of the more steeply 
sloping stream channel toward the Forks-of-the-Road Fault, where it abruptly 
drops to depths of from 25 to 40 feet. From here it again gradually ap- 
proaches the stream level in a dowmstream direction as the bedrock becomes 


shallover. 


'The thickness of the water-bearing materials has not been detemined 
over the greater part of the Lower Mojave Valley. According to Thompson, 2/ 
a number of wells located in the upper part of the valley have penetrated 
nearly 500 feet of water-bearing materials without reaching bedrock. A 
small remnant of lava rises above the plain about two miles northwest of 
Newberry. This bedrock protrusion, which is possibly related to the Forks- 
of-the-Road Fault, suggests an irregular bedrock floor. Bedrock also rises 
to the surface at the lower end of the valley in the stream cut of the 
Mojave River. 


‘An analysis of well logs included in the U. S. Geological Survey 
Water Supply Paper 578 gives for the top 175 feet of material in the upper 
sub-basin: gravel 40 per cent, sand 24 per cent, and clay 36 per cent. 
Assuming a specific yield of 18 per cent for the average gravel of this 
locality (maximum 10 per cent grade size’ of 32 mm.), 22 per cent for 
sand, which allows for a relatively large per cent of fine material, and 


1/ ; 
U. S. Geological Survey “ater Supply Paper 578, "The Mojave Desert 


Region," by D. G. Thompson, p. 447, (1929). 


2/ California State Division of Water Resources, Bulletin 45, "Geology and 
Ground Water Storage Capacity of Valley Fill, by Rollin Zckis, Plate XI. 
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one per cent for the clayey material, an average specific yield of 13 per 
cent is indicated. A similar classification of the logs of the lower sub- 
basin gives: gravel 5 per cent, sand 46 per cent, and clay 49 per cent. 
Using the same specific yield values as assumed for the individual groups 
of material for the upper sub-basin, a specific yield of 11 per cent is 
indicated for the lower area. 


"These analyses bring out a striking increase in both the sand and 
clay content in the lower sub-basin at the expense of the gravel, which 
decreases from 40 per cent in the upper area to 5 per cent in the lower 
area. A large part of the clay beds in the lower sub-basin, no doubt, 
occur in thick confining blankets, and therefore would be only partially 
drained by a lowering of the water table." 


Soil Classification 


A cooperative survey of the Victorville area (that portion of the 
valley above Victorville) was made in 1921 by the United States Department 
of Agriculture and the University of California./ In 1932 the University 
of California, College of Agriculture, at the request of the State Division 
of Water Resources and with funds for field work furnished by the Division, 
made a survey of the part of the valley influenced by Mojave River from 
Victorville down river to a line 18 miles east of Daggett. The results of 
this surve y= are not yet published, but the manuscript was made available 
to the authors of this report. The following paragraphs, based on both re- 
ports, are abstracted (slightly amended) from State Bulletin No. 47, 


The area covered by the two surveys within the boundary of the survey 
of the Division of Water Resources is shown on the Appendix figures (Plates 
4-A, Band C). The area covered by the survey of 1932 is entirely within 
the boundary of the Division of ater Resources survey described in Bulletin 
47, but the area covered by the survey of 1721 extends outside that boundary, 
The boundaries of the three surveys are shown on the key map (Plate 1). The 
University also classified the area encompassed by both surveys as to its 
suitability for agriculture by the "Storie Index Method of Soil Evaluation." 


This soil rating takes into consideration three factors: (A) Rating 
on basis of character of profile, i.e., mode of formation or accumulation 
and degree of weathering, (B) rating on basis of surface texture, 1.e., 
loamy, sandy, gravelly, etc., and (C) rating of conditions and characteris- 
tics of the soil which modify its suitability for utilization in plant pro- 
duction, i.e., drainage, alkali, erosion, etc. Certain soils with low 
ratings might successfully produce certain special crops although not well 
suited to a wide range of crops. Climate and transportation, of course, 
are not taken into consideration in the rating but exert modifying influ- 


ences. 


ey U. S. Department of Agriculture, 1921, "Soil Survey of Victorville Area," 


by A. BE. Kocher and Stanley W. Cosby. 
2/ Soil Survey of Barstow Area, California, by R. Earl Storie and D. F. 
Trussell (in press). 
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Rach factor is evaluated on a percentage basis, the ideal condition 
being 100, The percentage ratings of factors (A), (B), and (C) are then 
multiplied and the result is the "Soil Index Rating." 


For California the soils have been divided into six grades as shown 
in Table 4. 


Table 4. - Agricultural ratings of soil grades 
in Mojave Valley, California 














Percentage 
Index 





‘Agricultural 
Rating 






















1 80-100 Excellent 
2 60- 80 Good 
3 40- 60 Fair 
4 20- 40 Poor 
a Less than 20 Very poor 
6 Less than 10 Non arable 


The total area covered by the two surveys is 409,145 acres. The 
classifications within the boundary of the Division of Water Resources 
survey are shown in Table 5. 
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TABLE 5. - Agricultural value of soils in Mojave River Valley, Calif., 
covered by survey of University of California, 1932 and 
United States Department of Agriculture coda laaeilne 
with University of California in 1921 — 


Area of soils in acres 


Amount of alkali 
{ (free) | (slight) | (moderate) | (strong) 


Mountains to Victorville 
Both sides of river 






Victorville to Barstow 
Both sides of river 
Victorville to Hodge 
South side of river 
Hodge to Barstow 


Total 


Hinkley Valley 
North side of river 
Hodge to Barstow 


Barstow to East End 
of Survey 
Both sides of river 
Barstow to Daggett 
North side of river 
Daggett to east end 
of survey 


Total 


a ee ee 


OO ADO sO 


> ae 


Daggett to East End 


of Survey 
South side of river 





1/ Within the boundaries of maps (Plates 4-A, B, and C) in Appendix. 
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TABLS 6. - Summary of agricultural value of soils 


in Mojave Basin 
Fee nos | 








Alkali classification ! , 
Total Proportion 
Free Slight Moderate | Strong 


Acres Acres 





Percent 
































1,024 1,924 0.3 
46,813 52,014 14.3 
156,114 162,140 44,7 
33,154 50,405 13.8 
55,50) 9.2 

0.0 


TiBIB 7. - Agricultural value of soils in Mojave River Valley, Calif., 
covered by soil survey of 1921 but outside of maps in Appendix 





As shom by Plates 4-A, B, and © (in Appendix) the different classes 
of land do not occur in large areas, but are scattered over the entire area 


mapped. 


The names of soils included in each class are shown in Table 8. 
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TABLE 


Grade 1 


Grade 2 


Grade 3 


Grade 4 


8. - Names and descriptions of soils in different 
gradings for agricultural suitability 


Hanford very fine sand, 


Foster fine sandy loam (slight alkali). 
Cajon fine sandy loam (slight alkali). 
Rosamond fine sandy loam (slight alkali). 
Hesperia loamy fine sand. 

Cajon loamy fine sand. 

Hesperia loamy sand, 

Hesperia coarse sandy loam. 

Foster fine sand (slight alkali). 
Foster silt loam. 

Foster loamy sand (slight alkali). 
Adelanto sandy loam, deep phase. 


Rosamond silty clay loam (slight alkali). 
Daggett loamy sand. 

Cajon coarse sand, dark colored phase. 
Mojave loam. 

Cajon fine sandy loam (moderate alkali content). 
Cajon fine sand (slight alkali). 

Daggett gravelly sandy loam. 

Hesperia sand. 

Adelanto loamy sand. 

Mojave sandy loam (slight alkali). 

Yermo sandy clay loam, dune phase. 

Yermo sandy clay loam (slight alkali). 
Adelanto sand. 

Adelanto sandy loam (slight alkali). 


Sunrise sandy loam. 

Rosamond silty clay loam (moderate alkali). 

Mojave sand. 

Yermo sandy clay loam, dune phase (alkali spotted). 
Rosamond fine sandy loam (moderate alkali content). 
Mojave sandy loam (moderate alkali content). 

Yermo sandy clay loam (moderate alkali content). 
Cajon coarse sand, loamy phase. 

Adelanto sandy loam, heavy phase. 

Daggett gravelly sandy loan, stony phase. 

Sunrise sand. 

Hanford coarse sand. 

Cajon coarse sand. 

Cajon fine sand, dune phase (slight alkali). 

Cajon fine sandy loam (high alkali eontent). 
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Table 8, continued 


Grade 5 


Troy stony sandy loam. 

Rosamond fine sandy loam (high alkali content). 
Adelanto loamy sand, rolling phase. 

Adelanto sandy loam, rolling phase, 

Adelanto sand, rolling phase. 

Rosamond silty clay loam (high alkali content). 
Mojave sand, caliche phase. 

Sunrise sandy loam, rolling phase. 

Sunrise sandy loam, eroded phase, 

Yermo sandy clay loam (high alkali content). 
Mojave sandy loam (high alkali content). 
Mojave loam, playa phase. 

Barstow and Daggett gravelly sandy loam. 


Grade 6 
Riverwash. 
Playa deposits. 
Dune sand. 
Rough stony land. 
Rough broken land. 


HISTORY 


The agricultural use of water in Mojave Valley has a history extending 
over 70 years. A few irrigation ditches are believed to have been used be- 
fore 1870 and several more permanent conduits were built between that year 
and 1880. The first diversion contemplating extensive development was that 
of the Hesperia colony involving lands of the Appleton Land & Water Company, 
but closely following was the Arrowhead development. These two projects 
have important connection with plans for proposed developments which are 
more appropriately discussed at another place in this report; hence they 


are now passed over. 


Following them came most of the more ambitious plans for development 
on the river, such as those at Victorville, Barstow, and Daggett and_Yermo, 
which are described fully in State and Federal Government bulletins .— 
Considerable sums were spent in construction of some of these and even 
larger amounts for their promotion. Notwithstanding this evidence of con- 
fidence, some of these early plans appear, in light of present knowledge, 


W500 especially California State Department of Engineering Bulletin No. 5, 


"Report on the Utilization of Mojave River for Irrigation in Victor Valley, 
California," 1918, by W. F. McClure, J. A. Sourwine, and ©. E. Tait; Califor- 
nia State Department of Public Works, Division of Water Resources Builetin 
No. 47; and United States Geological Survey Water Supply Paper 578, "The 
Mohave Desert Region, California," 1929, by David G. Thompson. 
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little short of fantastic ca! Since about 1900 not much effort has been 

made to promote enterprises as financial investments, and the principal 
noteworthy schemes have been the creation of two large irrigation districts - 
Mojave River Irrigation District (1916) and Victor Valley Irrigation Dis- 
trict (1917). Both are now dormant; the former made annual assessments 

for several years in order principally to carry expenses involved in water 
right litigation and other legal costs, but has not done so in recent years. 


Almost nothing substantially important has come of all these ambitious 
efforts. The 1934 irrigated acreage was, in fact, some 3,300 acres less 
than the area "on Mojave River and in Victor Valley" reported for (apparent- 
a7) 1917 by Tait, in Bulletin No. 5. The later figures may properly intro- 
duce, however, the mention here of what have really been the most signifi- 
cant phases of the development which has taken place through all the years: 


The 1917 compilation showed 3,095 acres as still irrigated from the 
river; the remainder (6,775 acres) from wells. Latest (1934) Census figures 
do not make a corresponding segregation, and no other available data bring 
out the present facts specifically. However, 1930 Census tabulations show 
only seven ditches as against 22 which appear on an eatly map, while the num- 
ber of pumping plants very greatly increased between 1920 and 1930. The 
fact is that only a few of the old ditch diversions are still active, and 
the best estimate the authors were able to obtain as to the total area now 
served by them was around 200 to 300 acres. The remaining area is wholly 
irrigated from wells, all but a negligible number of which are pumped. 
Moreover, these pumping plants are almost all operated by individual farmers. 


In short, the achievement represented by present development has been 
that of individual, not community or group effort, notwithstanding the hun- 
dreds of thousands of dollars which have been spent by other agencies; and 
pumping from wells has almost completely displaced the earlier methods of 
irrigation involving gravity diversion from the river. A gradual increase 
by individual effort has taken place in the past five years, although the 
present irrigated area is still less than that reported by Tait for 1917. 


FINANCIAL CONDITIONS 


Community Obligations 
The valley is not heavily burdened with community obligations. The 
total 1934-35 assessed valuation for the county was $67,663,023. Ona . 
proportional basis represented by the $562,847 partial valuation shown in 
Appendix Table A, the valley's share of funded county indebtedness is small. 
That indebtedness is represented by two bond issues. The first was origin- 
ally $1,750,000, dated January 5, 1915, with final maturity 35 years there- 
after. On Jume 30, 1935, $950,000 of this issue was outstanding. 


y For instance, the reservoir project above Victorville involved a storage 


of 250,000 acre-feet based on an estimated annual river discharge of 597,300 
acre-feet. Two hundred thousand acres of land was to be irrigated at an 
average cost, for the entire irrigation system, of S8,46 an acre. 
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The second issue had a final 30-year maturity from January 5, 1915, 
and was for ~150,000, of which ¥100,000 was outstanding June 30, L955: 
Both issues pay 5 percent interest. 


Aside from two small assessment bond issues against specific property 
in Barstow, the only other bonds affecting Mojave Valley civil division are 
those of the following school districts: 


School district Outstanding bonds 

Dollars 
Barstow 500 
Hesperia 3,500 
Todd 1,500 
Victor 20,500 
Yermo 2,000 

Tax Rates 


Valuations established for taxation purposes are discussed elsewhere 
in this report. Table 9 shows by school districts, the various tax rates, 
per $100 of assessed valuation, applying to the valley area. 


The list of tax delinquencies for San Bernardino County published 
June 5, 1935, and involving the county taxes levied in 1934 for the fiscal 
year 1934-35, is voluminous, and the portion of it which applies to Mo jave 
Valley districts is proportionately so. However, most of the delinquencies 
listed are small, and at least so far as the areas near the river are con- 
cerned, their totals do not give the author the impression that the situa- 
tion is extraordinary to a serious degree. Facts are not at hand to indi- 
cate the extent of unpaid taxes accumulated prior to the year just closed. 


AGRICULTURAL AND ECONOMIC COMDITIONS 


: Analysis of Present Farming 

An analysis of Mojave Valley farms as of January 1, 1935, in which 
the extent, value, and use of the land in farms is shown, is presented in 
Table 10. This was made available for this report in advance of normal 
publication date by courtesy of Director W. L. Austin, of the United States 
Bureau of the Census. The table is based on data collected in the 1935 
Federal Census of Agriculture, in which the judicial township (for San 
Bernardino County) was the only minor civil division recognized. Fortun- 
ately, the agriculturally important portion of the valley is closely iden- 
tified by the six judicial townships listed, and although Lucerne Valley, 
Adelanto, and other detached localities are represented by the statistics, 
the cropped and irrigated areas in those localities are so limited as not 
to invalidate the figures. 


It is interesting to note that the total area cropped in 1934 was 
some 1,500 acres more than the corresponding 1929 area, notwithstanding 
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inereases also in the areas of "crop failure" and "idle or fallow." lLike- 
wise interesting is the increase in number of farms~/ from 315 to 426. On 
the other hand, the 1935 area of "all land in farms" is a third smaller than 
the previously reported figure, and the total 1935 value of farm land and 


buildings is less than three-fifths the 1930 figure. 


Attention is also here directed to the figures for “land available for 
crops" (17,000 acres), which is in a general way an indication of the opinion 
of the farmers as to the limit of the development of croppable acreage which 
can be effected in the now-operated farms, 


Crops 


Supplementing the statistics of area in Table 10, Table 11 shows crop 
figures for the "Mojave districtt2/ reported for the years 1929 to 1934, 
inclusive, by the office of the Agricultural Commissioner of San Bernardino 
County, which serve to picture clearly the kind of farming principally fol- 
lowed. Thus it discloses with sufficient accuracy the range and relative 
importance of the different crops now raised in Mojave Valley, with one ex- 
ception which has connection with matters of concern to the alfalfa growers 
and which is discussed at length in later paragraphs. This exception is 
grain, which may presently have more than its present significance as a 
rotation crop. Though not of past importance as revenue producers, the 
prospectively necessary frequency of alfalfa reseedings and the consequent 
interruption of alfalfa cropping every fourth year.or so may introduce 
wheat, barley, and corn as rotation crops, into a more prominent position 
than they have had heretofore. 


Of outstanding interest in the table, however, are the predominance 
shown for alfalfa throughout the record and the increase of that predomi- 
nance accompanying the decline of fruit (notably apples). Thus in 1929 
fruit represented nearly 13 percent of the total crop value, while in 1934 
it was little more than 1 percent. The principal obvious explanation of 
this change is the severe price decline which became precipitate in 1732 
when only 39 cents a box was received for apples. This has dragged pro- 
duction down to one-ninth the crop reported in 1929. In fact, whereas 15 
or 20 years ago apples and other deciduous fruits were believed to have 
great promise in Mojave Valley, and although many small family orchards 
still remain, as commercial crops the various fruits listed in the table 
do not constitute a demonstrated proof that the valley is a potential fruit 
producer of importance. The few commercial apple orchards that remain are 
in a state of neglect which seems to presage their early disappearance from 


the agricultural picture. 


On the other hand, the abrupt decline of apple production was accom 
ranted by a sharp increase in alfalfa. However, apparently at the peak 
the acreage of producing apple orchards in 1929 was only about 400 to 500 


ZL A "farm," for census purposes, is all the land which is farmed by one 


person, either by his own labor alone or with the assistance of members of 
his household or hired employees. Enumerators are instructed not to report 
as a farm any tract of land of less than 3 acres, unless its agricultural 
products in the census year are valued at 9250 or more. 


2/ Includes all that part of the county which is north of the mountains. 
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TABIE 11. ~ Crop production in Mojave District, San Bernardino County, 
California, with unit prices received by farmers, 1929-1934 
(Prices are stated in dollars) 


Crop and price 
Apples, boxes 
Price per box 
Apricots, tons 


Cherries, tons 
Price per ton 


Grapes, tons 
Price per ton 


Peaches, tons 
Price per ton 


Pears, tons 
Price per ton 


Fotatoes, sacks 
Price per sack 


Corn, sweet, lugs 
Price per lug 


Corn, ensilage, tons 
Price per ton 


Alfalfa hay, tons 
Price per baled ton 


Alfalfa seed, pounds 
Price per pound 


Melons, tons 
Price per ton 
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eves >! so that the increase in alfalfa acreage was somewhat greater in 

the period covered by the table. The alfalfa acreage does not, of cuurse, 
appear in the table, but other records in the office of the County Agri- 
cultural Commissioner show 6,000 acres as the 1934 figure for the district. 
The latter, like the 1935 Census figures, includes Lucerne Valley and other 
small isolated sections not now under consideration, The agreement between 
the two compilations is fully as harmonious as should be expected, the ex- 
cess of 888 acres in the Census figures for crops harvested apparently being 
about right to account for all other crops than alfalfa. 


An acreage of 6,000 and a production of 39,000 tons means 6% tons of 
alfalfa an acre. This is so extraordinary an average that the authors are 
inclined to question it. Exceptionally high yields are admittedly obtained 
by many farmers in the valley, and the authors talked with several who cut 
crops of 8, 9, or even 10 tons to the acre from alfalfa in its prime. On 
the other hand, the valley is not free from the wide-spread puzzling ail- 
ments of alfalfa which are necessitating the frequent reseedings mentioned 
briefly above, and since these operations are preceded by a year or so of 
yields somewhat smaller than the best, and usually a year in which the field 
is in grain, as well as being followed by an initial season in new alfalfa, 
it is likely that no more than 5 tons an acre should be considered as the 


annual average for the Ga ey 2" 


In brief, the valley's present agriculture centers upon the production 
of alfalfa. Anticipating no development which is likely to change this con- 
dition a great deal, the authors find themselves sharing the concern of the 
farmers over the future of their best and almost only crop in view of the 
fact that its afflictions appear to be growing more and more serious, rather 
than decreasing. Accordingly, they addressed an inquiry to Dr. B. A. Madson, 
Head of the Division of Agronomy, College of Agriculture, University of Cal- 
ifommia, asking for information as to what progress is being made in scienti- 
fic studies of alfalfa diseases. Dr. Madson's reply includes the following 
paragraphs, What he says regarding early cutting is especially applicable to 
the Mojave Valley farmers, one of whose best markets is represented by the 
rabbit hutches of sections south of the mountains, which demand a hay of the 
soft, leafy type he mentions and for which they pay a premium: 


"JT have your letter regarding the alfalfa problems of the 
Mojave Valley and other regions. The short life of stands and 
the reduction in yields must be attributed to various causes. 
In the first place, we find that in practically all of the alfal- 
fa-growing sections the original stand of alfalfa will remain pro- 
ductive for much longer periods than will subsequent plantings, 


iy Table 10, California State Department of Engineering Bulletin No. 5, 


shows a total acreage of 796 in apple and pear trees of all ages in 
(apparently) 1917. 

2/ The 1929 average for San Bernardino County reported in the 1930 Federal 
Census was 4.6 tons, itself an excep tionally excellent average. About two- 
thirds of the county's crop is raised in the Mojave district. The corres- 
ponding 1934 Census average was not available when this footnote was written, 
an Bernardino County alfalfa efficiency studies 
om Farming" were as fol- 
1931, 5.53 tons per 


The average yields in the S 
discussed under the heading "Costs of and Returns ix 
lows: 1929, 6.14 tons per acre; 1930, 5.42 tons per acre; 


acre. 
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and in most of the older alfalfa sections stands usually do not 
remain productive for more than four to five years: The cause for 
this condition is not know although we have been studying it for 
some time. Part of the trouble is apparently due to changes in our 
methods of handling alfalfa. The present practice is to cut alfalfa 
at a much earlier stage of growth than was the case a number of years 
ago, and our experiments have shown that early cutting weakens the 
plants, and tends to shorten the life materially. This change in 
practice has been brought about very largely by the grower'’s attempt 
to supply the market demand for a soft leafy hay. However, this is 
not the sole cause of the trouble; there appear to be other reasons 
why alfalfa on land which has previously grown the crop will be rela- 
tively short-lived, and as I stated before, the cause for this condi- 
tion has not been determined, 


During the past few years, also, the alfalfa wilt, a bacterial 
disease, has become rather prevalent in the state. In regions where 
the infestation is heavy, the stands usually do not last more than 
three to four years. Since the disease is bacterial and the organ- 
isms live over in the soil, or are carried over on volunteer plants, 
the only remedy for the trouble will be development of varieties 
resistant to the disease. We are making some progress along this 
line, but it will be some time before even moderately resistant 
varieties will be available. Amother disease somewhat similar in 
its effect on alfalfa is the dwarf. This is particularly prevalent 
in the southern part of the state. Dr. Weimer of the Division of 
Forage Crops and Diseases has been studying this disease for the 
past three or four years but has as yet not been able to determine 
definitely whether it is due to a parasitic organization or not. 
His investigations during the last year or two, however, indicate 
that it may be a virus disease and insect-borne. Unfortunately, | 
these investigations are being discontinued as Dr. Weimer is being 
transferred to other work in the East. However, none of the numer- 
ous varieties which he has tested out show any resistance to this 
disease. Like the bacterial wilt, where dwarf is prevalent the 
stands usually remain productive for only a few years. 


"For the present, therefore, I do not see any liklihood of the 
farmers being able to maintain good producing stands for more than 
four or five years. In the older alfalfa~growing sections, the far- 
mers have adapted themselves to this situation and are developing 
rotations in which alfalfa occupies the land for only short periods. 
I realize that in the Mojave Valley, where the farmers are at present 
so dependent on alfalfa, this is not a very satisfactory solution of 
their problem, but unfortwmately we have little to offer at the pre- 
sent time. One expedient that has been used with some success to 
maintain the stands is to renovate the fields rather heavily in the 
early spring before the alfalfa stands repeat growth, and at the 
same time seed broadcast about 15 to 20 pounds of seed, The growth 
of the older plants should then be kept cut back until about the 
first to the middle of April in order to give the new seedlings a 
chance to become established. By doing this the farmer will lose 
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his first cutting but the subsequent cuttings will usually be very 
good. In the few cases I know of, particularly in Arizona, good 
stands have been maintained for many years by this practice." 


Properly to be associated with the production of alfalfa is the 
limited dairy industry of the valley, and, to-an even smaller extent, the 
Yadsing of poultry. Should grain begin shortly to accupy, as expected, 
somewhat greater importance through rotation with alfalfa, the poultry 
industry might perhaps show considerable growth, as the climate is favor- 
able and such experience as has already been accumulated, though limited, 
is not discouraging to an expansion if grain feed, now mostly imported, 
can be obtained in quantity locally at lowered cost. Such eggs as are 
produced commercially find markets largely in the valley, but meat fowls, 
especially turkeys, are sent to San Bernardino, Los Angeles, and other 


metropolitan dealers. 


The small commercial dairies, of which there are perhaps half a 
dozen, find best outlets for their products in the valley, the not- 
a@istant mining towns (such as Randsberg and Johannesberg), and even as 
far eastward as Las Vegas, but little, if any, in San Bernardino or 
elsewhere south of the mountains. Promotion of large irrigation pro- 
jects in the valley from time to time has had in contemplation a sub= 
stantial expansion of dairying in expectation that milk and milk prod- 
ucts would find a ready market in Los Angeles. The proposed El Mojave 
project, to be described briefly at a later place in this report, was 
originally promoted on this basis, and as now revived and revised plans 
for it still have this expectancy as their principal basis, emphasis 
being placed upon conditions described by Dr. George P. Clements, Man- 
ager of the Agricultural Department of the Los Angeles Chamber of Com- 
merce in 1930, as follows. (Recent plans for the project contemplated 
an acreage much larger than that in mind when Dr. Clements? letter was 


written): 


"Tn answer to yours and Mr. Merrill's request that I give 
you a clearcut statement concerning the Helendale project as I 
see it, I am pleased to state as follows: 


"My understanding is that this project comprises some 4,375 
acres, plus the riparian rights of 1,100 acres of water-bearing 
land contiguous to the south of the original 4,375 acres, these 
water-bearing lands consisting of a continuous strip of varying 
width over five miles in length so situated as to virtually con- 
trol and insure an economic and satisfactory water supply for the 


Helendale Ranch properties. 


"T am familiar with this district and the lands in question, 
and IT am satisfied both as to the character of the land and the 
sufficiency of the water supply in offering a satisfactory agri- 
cultural project, my understanding being that the object of the 
Helendale proposition is the development en masse of this property 
and not the undertaking of an agricultural subdivision. 
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"Tn my estimation this property is admirably suited to the 
economic production of agricultural crops, particularly that of 
alfalfa and temperate region crops necessary to a complete animal 
husbandry, which industry must be considered at the present time 
one of the few if not the only satisfactory offering to agricul- 
tural expansion in the state of California. My opinion is founded 
on the following known facts: 


“While the population of California has increased 64 per cent 
in the last ten years, and has become a consuming market of fifth 
importance in the United States (for Los Angeles City), the meat 
industry has not kept step. We are still bringing from out-of-state 
80 to 90 per cent of our pork, 50 per cent of our mutton and 60 per 
cent of our beef supply. These properties are strategically placed 
in meeting this acknowledged market. 


"The dairy industry, while at the present moment facing an 
over-supply, cannot be considered as resting upon an economic basis 
since this supply is at the present time mainly offered through in- 
dustrial dairy plants which in the face of civic expansion must 
sooner or later be forced to truly agricultural districts such as 
the San Joaquin Valley, the Imperial, Palo Verde and Antelope 
Valleys and the Mojave River district and Southwestern Arizona. 

The Helendale properties are conveniently situated to meet this 
demand. 


"State laws regulating bovine tuberculosis have caused a con- 
siderable embarrassment in the industrial dairy circles and in the 
replenishment of herds with tubercular-free animals. A new industry 
therefore has been established throughout the Pacific Southwest - 
that of producing tubercular-—free dairy stock for the immediate 
supply of the industrial dairies. The Helendale project is conven- 
jiently situated to enter into such an industry. 


fall of these energies must find their premises in alfalfa 
production. 


"T realize that no agricultural venture under the present 
deplorable conditions of the nation’s agriculture can anticipate 
major profits, With land and water at reasonable values, such as 
the Helendale project offers, such agricultural energies offer 
possibilities of a stable investment with satisfactory earnings, 
always provided, of course, that they are economically administered." 


Dr. Clements, in a conversation with the authors of this report, 
reiterated the essence of his 1930 opinion regarding the unsatisfactory 
conditions affecting the milk supply of Los Angeles and the desirability 
of forcing production back to "truly agricultural districts," but saw no 
present or early possibility that a new outside supply of large volume 
could find profitable outlet in Los Angeles because of the control now 
exercised by the dairies supplying the city. In this opinion he was 
supported by the dairymen of the valley, who apparently make no effort 
to find a market across the mountains. 


“30- 
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County Farm Advisor Wilder considers that the only opportunity for 
a successful large-scale dairy development in the valley can come to a 
close-lnit cooperative organization such as does not now exist, which can 
utilize modern refrigerated transportation in overcoming the valley's 
relative isolation and handle only milk and such dairy products as the 
soft cheeses. No authority interviewed gave much consideration to the 
possibilities of other cheeses and butter. 


Dr. Clements! other suggestion regarding the possibilities of a 
large-scale feeding industry appears to the authors to have logical 
support in the heavy alfalfa production which now finds distant markets, 
in the excellent transportation circumstances (especially the convergence 
of the transcontinental railroads), in the adjacent grazing range (which 
is, however, of limited availability and productiveness), and in the cli- 
mate. At first thought it appears strange that such an industry did not 


long ago take root in the valley. 


The authors believe the secret of its non-existence lies in the 
unwillingness of the farmers to abandon their one~-crop specialty. In 
Mojave Valley, as in other sections where crop-specialization is practiced, 
an abandonment of the established routine even where profits are promised, 
is @ifficult to bring about. The relative simplicity of the alfalfa rou- 
tine, the ready disposal of the hay for cash, and the freedom from arduous 
work which follows sale of the season's final cutting, all constitute a 
type of farming so generally advantageous when compared, for instance, with 
dairying or even feeding, as not to be surrendered except reluctantly and 
under some compulsion. Hence, the authors do not expect the valley’s hay 
industry to be dislodged from its dominant position by the present farmers 
unless dowmright catastrophe descends upon it, While this is not to say, 
by any means, that no profitable possibilities whatever lie in dairying, 
in feeding, or in limited truck srowing, it nevertheless appears to the 
authors that alfalfa hay will continue to be the principal crop of the 


valley for many years to come. 


A most unusually close agreement appears in the statistics regard- 
ing the area irrigated in Mojave Valley jin 1929. Thus Conkling reports,— 
Na total area of 6,019 acres irrigated scattered through the valley but 
mainly in the upper end." The Federal Irrigation Census of 1930 showed 
for Mojave River drainage basin an irrigated areaof 6,118 acres. While 
the latter figure perhaps involved scattered areas not included in the 
Conkling figure, the deduction of them would probably serve to increase, 
rather than diminish, the harmony between the totals as quoted. Anyhow, 
the agreement is so close as to inspire confidence in other Mojave drain-~ 
age basin statistics reported by the Census. Table 12 is accordingly 
shown to describe statistically the irrigation works as they existed in 
the spring of 1930, as well as the area served and servable and the invest- 
ment represented. Also shown in the table are comparable figures from the 


1920 Irrigation Census. 
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TABLE 12. -— Areas irrigated and susceptible of irrigation, investment 
in irrigation works, and description of works, 1930 and 1920 











Bese Grricated ..i sees e eee tees SCrOS 6 116/ 4, 6082/ 


Area enterprises were capable 

































of supplying with water ......acres 8,627 6,510 
Investment in enterprises ....dollars ¢ 92,929 616,769 
Irrigation works 

Dams, diversion ...++-+.+--.-number 2 

BLOTetO ay vcs ee seks sess os RUMDOT -- 
Main canals, capacity ..second-feet 189 
BOM yest scceaces ss oe eves les 23 
Pe PVOITS “ised csv ewe ce ee s oTIUMber 18 
Capacity sce edsvccveee acro-feet 27 
Pipe lines, length .........--miles 29 
Flowing wells ..csccsecesees number AL 
Capacity ..ccocevocecesvescGePollle 4,874 
Pumped wells ..e..+s--eeeee+- number 88 
BAPEOUTY Peds bets sei ee se eel pet. 45,477 
Pumping plants .....++.--+++-enumber 86 
Engine or motor capacity ....H.P. 2,145 
PORES Gel vcteacesaaseet.  eomimver 86 
Pump capacity wscoccecceeeeSePelle ka ie 

0 


Average LEE t See Se feet 


1/ 1929. 
2/ 1919. 
3/ Static lift, or.average vertical distance between the level of the water 


in the source of supply when the pump is running and the point to which the 
water is lifted. Friction and velocity heads are not taken into account. 


ae fr 








Y (p> sie Ne ‘i wet 1 bis , 

. ¥ Ace Aa Gis. te 

ae i Rip, Ee ‘en | a 

Se ris ’ be | hae Be. PLY 

. if yi » 
i ” 
7 ” 
\ | ae ae 









F 
tnemtusval .notzaaivit so eld breestue fon teoietl epeth — Ar 
OS@i bas -OfFe8f Jatrow t ax FIyseide B2 Te ou toe fo hiss, beth 2 





‘ae em tt te tee SY TT 
aed ¢ ° 
Les wel wy, 243 #* 
pm —— taped CERNE yee! ee ea neem ne emer 
‘ \ nial 
‘ . ‘ ; a 
“a -y { 
On 4 | ' a OM ss wie end © 04 . 5oF 


Pal, d£é 


Cie. ce eg & 60 ee OOS OD 
LObnR..s VWieOmee wl 
bye Ge eaeee tbe eee oe owe 


seh we 
sGulite e+ eiveet ene ese Ee 





v2 PW “ere ewuena eee see YE 
+ (Aa i 4 pit, *te-e a vee its eee : tn om 
rx : ¢ re 
a \ } rots Ae ceenteseeeeb. ta 
bs - de 


bend ? nO i. ee silow p 

pez@ctis f wits +. sere +sieteee ye he 

tetewow 87 naly ga 

to%.. Bidiedangs ‘tingues todo go om 
: 


wore 


et eres ce ete at AEE ER wr ee 
a ‘ 
vw 


7 * Ake ee oe | ‘vee 8 #2 ee Oe 
a? a oe 
vt; i“ Pv i f * * . eee . ** ‘y . “t iosgeo 

f » 
4 5 AS ‘ | e ‘oP Reever S tig ; 


——= 


oO em et a ee 


a 
. eS 

~ 
‘ 
= 
r 

» 

* 

2 
. 
> 
° 


os - + > ad 
¥ ion > f 4 ‘ “ oy + ~ 4% r i 4 Ve. 20 tie 
é , 7 > ~ a 
wv of Srioe eit Sas Lt git ° feiy vigqgse 3a 
~~ 





The foregoing table, with some qualifications, approximately 
describes the present irrigation equipment of the valley. Most of the 
flowing wells are now either out of commission entirely or render insig- 
nificent irrigation service. Some of the pumping plants have likewise 
disappeared. The Southern Sierras Power Company is able now to account 
for 200 plants, 175 of which are operated by electric motors and 25 by 
internal combustion engines. The Censys figure (231) included a number 
of windmills pumping for small plots, and some of these are still oper= 
ating, although probably neither are there now nor were there in 1920 as 
many as 31. This difference therefore apparently represents abandonments 
of isolated and uneconomical plants, mainly on the higher bench areas 
where lifts are extreme, and to this extent is significant of the history 
of the last few years of hard times, notwithstanding the fact that, in 
total, increases in number of farms and irrigated acreage have taken 
place. The much-reduced average lift shown for 1930 as compared with 
1920 is similarly significant of the important change discussed else- 
where in the matter of orchard abandonments in that period. Most of the 
commercial apple orchards were irrigated by pumping through lifts so high 
that when the economic depression began to be felt most severely the cost 
of pumping could not be supported. The dropping out of the figures repre- 
senting these lifts and the concentration of development in the areas 
where lifts were much lower is the explanation, therefore, of the favor- 
able change disclosed by the comparison. Forty-four feet inclusive of 
drawdown, as reported by the 1930 Census, is considered a fair indication 
of the present average lift, most of the pumps still being of the centri- 


fugal type, in pits. 


Despite the favorable factor of present low-lift pumping, the 
irrigation systems represent somewhat heavy outlays, averaging on the 
basis of the 1930 Census figure more than »5,000 each. This is largely 
by reason of the small reservoirs and concrete underground pipe distribu- 
taries which are even more typical of the irrigation layouts than the 
statistics indicate. As it is, the investment in the pumping plants and 
their adjuncts constituted about one-fifth of the total 1930 Census value 
of the farms. If charged to the 1929 irrigated acreage, this investment 
represents ~195 per acre; if charged to the area “enterprises were capable 
of supplying with water in 1930," the average was approximately »139 per 


acre. 


Types of Farms 


Beyond the obvious predominance of the hay farms, no facts are at 
hand to show a distribution by type of farm as of the present. However, 
this predominance justifies some assumptions in an examination of the 
1930 Census figures for San Bernardino County which lead to interesting 


conclusions. 

Thus it seems apparent that the hay farms were classified in the 
Census tabulations as "crop-specialty" farms, and since 382 farms of this 
classification were reported for the county and there were 315 farms in 


all in the six judicial townships along the river, the "type of farm" 
tabulations for the county group should represent fairly closely the cir- 


L The Census included all "tenterprises' however small which supplied water 


for irrigation. 
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cumstances of the valley farms .1/ 


These figures disclose the general facts regarding the equipment of 
the valley farms. The 1930 Census showed a value of approximately 1300 
per farm for dwellings, about, twice that value for all buildings, and about 
$950 for implements and machinery. The "type of farm" tabulations showed 
(for the county) the following figures regarding the livestock population: 


Farms reporting Number of animals 


Horses and mules 268 1,037 
Cows and heifers 123 288 
Beef cattle 5 79 
Other cattle * 72 431 
Sows and gilts ak, 25 
Other hogs 17 138 


The effect of these figures is that the average Mojave farmer 
dwelling had a 1930 value very close to that of the average California 
farm home, a value of all farm buildings a little higher than the State 
average, and a value of implements and machinery also somewhat higher 
than the general average. However, it is in point here to note that 
the equipment of these farms includes few tractors, the machinery being 
mainly that used in the production of hay, jneluding many baling machines. 


On the other hand, while the average number of horses and mules 
per farm is notably higher than the State average, as would be expected 
in the absence of mechanical power, the number of other animals is small- 
er per farm. Relatively few farm gardens were noted by the authors, and 
the whole general impression gathered from visiting the farms is that a 
concentration upon the business of raising hay excludes a general inter- 
est in other common farm activities. 


This is not to imply a poor type of farmer. On the contrary, the 
farmers appear to be of an exceptionally high type, most of them doing 
much of their own work and disclosing an alert interest in essential 
matters affecting their farm business. The 1930 Census showed the follow- 
ing additional "type of farm" figures of interest in this connection, 
having to do with specified farm expenditures in 1929: 


Farms reporting Total expenditures 
Feed 226 6 56,541 
Fertilizer 19 27,630 
Labor 279 342,875 


In the above tabulation the fertilizer item is notable in view of 
the general deficiency of organic matter of the valley soils. Not much 
fertilizing is done. The several small dairies send most of their manure 
to the citrus orchards south of the mountains, where it has a ready sale. 


I/mnts assumption would not be changed materially by the subtraction of 


the few valley ranches presumably classified as "fruit," "dairy," or 
"poultry" farms. 
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Sizes of Farms 


San Bernardino County “crop specialty" farms reported in the 1930 
Census fell into the following size groups: 


Under 20 acres 714 
20 to 49 acres 147 
50 to 99 acres 70 
100 to 174 acres 47 
175 to 259 acres 20 
260 to 499 acres 13 
500 to 999 acres 6 
1000 acres and over 5 


From the foregoing it is believed correct to assume that more than 
three-fourths of the farms are less than 100 acres in area, and that near- 
ly nine-tenths of them are smaller than 175 acres. As a matter of fact, 
even these sizes are not particularly significant, as the average area eve 
crop land (harvested, failure, and fallow) reported in both 1930 and 1935 
Agricultural Censuses was 39 acres, and the 1935 average representing har- 
vested and failed crops alone was only 18 acres. The figures merely bring 
out the point which is obvious to a casual visitor, that many of the farms 
include considerable areas of desert land some of which is susceptible of 
improvement, some not, at least economically. The farmers have followed 
the sensible course of reclaiming first the best part of their homesteads 
or desert filings, leaving the improvement of the remaining portions for 
favorable opportunity in those cases where soil quality promises eventual 
profits from the effort. (See also Table 10.) 


In this connection it may be said that various estimates received 
from farmers who had done or hired such work were more or less universally 
to the effect that the average cost of preparing Mojave desert land for 
water, including seeding for alfalfa, ranges around $50 to $60 an acre, 
in some cases being substantially less but in others much more than either 


figure. 
Farm Values and Indebtedness 


As already mentioned briefly in the discussion of Table 10, farm 
values in Mojave Valley have declined severely since 1930, the figures 
for the current year showing an average per acre of $65 (for land and 
buildings) on the basis of all land in farms, as compared with the 1930 
average of $74. Possibly more significant are the averages based on 
(1) erop land harvested, (2) crop land harvested plus crop failure land, 
and (3) crop land harvested plus crop failure land plus idle or fallow 
crop land (and assuming no value whatever for the much larger acreage 
not in these improved classifications). The 1935 average based on tland 
available for crops" is $200. These averages are summarized on the follow- 


ing pages 
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Value per acre 


1935 1930 
Dollars polars 
Crop land harvested 494 1, 335% 
Crop land harvested, plus crop 
failure land 443, 1,016 
Crop land harvested, plus crop 
failure land, plus idle or 
fallow land 206 i 
Land available for crops 200 Ba 
All land in farms 65 74 


Even more significant in the present study are the corresponding 
comparisons of average values for the different judicial townships. 
These are summarized in Table 13. 


Tllustrative of the drastic change in values represented by those 
now current as contrasted with those reported in the 1930 Census is the 
taxation basis used by the County Assessor. Assessed valuation now is 
31.9 percent of the supposed actual value, and in itself is a reduction 
of 20 percent from the 1933 ratio. Mojave Valley alfalfa land is now 
valued for assessment at »25 to 930 an acre, the values used three or 
four years ago being approximately double these figures. In other words, 
actual values of alfalfa land are now assumed to range from around 480 to 
$100 an acre, as compared with, say, $150 to 200 when the 1730 Census 


was taken. 


Improvements and pumping plants are assessed separately from the 
land, valuations of the latter ranging around $200. Barth reservoirs are 
not assessed, but concrete reservoirs are, at values also approximating 


$200. 


Deciduous fruit trees are assessed in accordance with the judgment 
of the assessor, fixed classification values not being used as is done in 
the citrus-growing sections elsewhere in the county. Livestock and poul- 
try are valued as follows: Family cows, mixed and registered, 915 to $100 
per head; bulls, $25 to $300; calves, »3; heifers, $10 to 20; range cattle, 
58 to $12; baby beef, 2 cents per pound; work horses, 410 to 540; blooded 
horses, %50 to $200; work mules, £10 to $40; sheep, $1.50 to 52; bucks, $4; 
hogs, 2 cents per pound; light hens, $15 per 100; heavy hens, 920 per 100; 
turkeys, 950 per 100. 


Another indication of existing values in the territory with which 
this discussion is specifically concerned is provided by the 1934 county 
assessments segregated so as in total to approximate the valley tae! 
inclosed in the line bounding the river's influence drawn by Conkling® 
and shown in this report as Plate l. The total assessed valuation re- 
ported was $562,847, which on the basis of the 31.9 ratio, would indicate 
an actual value of approximately »1,765,000. 


ey Not reported. 


2/ state Bulletin No. 47. 
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The acreage involved in this valuation does not appear in the tabu- 
lation (see Appendix), but obviously, while excluding a good deal of the 
unimproved land represented by the Census figures, it includes some areas 
(such as town lots, industrial sites, ete.), which (not being in farms) 
were not involved in the Census canvasses. Moreover, they do not include 
valuations of buildings or improvements such as pumping plants and reser- 
voirs. They are, in short, representative of land alone 


Still further indicative of average real estate values in the valley 
are the bases used by appraisers of the Federal Land Bank, as set out in 
Table 14. In considering these it should be kept in mina that they conten= 
plate supposed normal, rather than the present depressed, conditions. The 
figures are for values allowed by various appraisers dating back to the 
early loans. During this period the Bank’s standard of valuation has 
changed to some extent as influenced by boom ana depression, but it is not 
believed that the variation has been such as to throw out of line the 
values as show in the table, except that at present enhancement for tree 
crops, for instance, would be considerably less than indicated in item 6 
under Oro Grande area. The enhancement which would be allowed would depend 
on the condition of the orchard and the proven adaptability of the crop. 


The difference in value between maximum and minimum as set up in 
the table has been due principally to difference in soil and other physical 
factors rather than the variation in standards of valuation during the per- 
iod in which the Bank has been loaning in this area. 


No statistics are at hand to indicate the extent of mortgage indebt- 
edness. If it be assumed that 1930 Census ratios¢/ for San Bernardino 
County apply_to Mojave Valley, 58.3 percent of the farms are mortgaged for 
28.5 percents of their’ value, va pay. the relatively high average interest 
rate of 7.18 percent per annun Mortgage figures from the 1935 Census 
were not available when this report was completed. However, it is probable 
that some considerable change has taken place since 1930 by reason of the 
recent activities of the Federal Land Bank and the Land Bank Commissioner, 
which have had at least the one important effect of reducing the interest 


1/ In comparing this substantially lower total with the Census values, the 
following explanation from the 1930 Census report, which presumably has 
application to the 1935 figures also, is in point: "The famer was asked 
tO .seeecee Give the current market value -- that is, the amount for which 
the farm would sell under normal conditions, not at forced sale."" They 
are therefore the farmers’ own valuations and not those of the Census 
enumerators or other officials. The tax appraiser's valuations, on the 
other hand, are perhaps reflective of an even lower ratio to true values 
than the 31.9 proportion supposed to apply, jndicating an inclination on 
the part of the county officials to improve the economic position of the 
Mojave Valley farmers by lightening their tax burden so far as possible. 


2/ The ratio quoted is that applying to all farms operated by owners. 
af Based on reported indebtedness of farms operated by full owners. . 
4/ Based on reported indebtedness of farms operated by full owners owning 


no other farm land. 
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TABLE 14, - Unit values used by appraisers of the Federal Land 
Bank of Berkeley in areas along Mojave River 


Unit value per acre 


Area 
Maximum] Minimum| Average 
Dollars|Dollars|Dollars 
Hinkley Valley TolO Tay He ois 
Alfalfa 200 125 eS 
Grain land (adaptable for alfalfa rotation) 150 100 130 
Leveled land - with water supply - (alfalfa land) 100 100 100 
Land not leveled ~- vacant - water supply available 50 25 28.50 
Pasture on river bottom lands 25 25 25 
Farmsteads 150 100 140 
(All irrigation from pumped ground water.) 
Oro Grande 7, 6 i, Rs, 4 W. 
Alfalfa 200 140 150 
Grain and grain hay (alfalfa rotation) 185 125 145 
Leveled ~ vacant - irrigable and water available ahs 45 a5 
Vacant ~ not leveled - water supply 100 25 36 
Irrigated and sub-irrizated pasture 50 10 36 
Fruit - apples and pears 300 200 225 
Farmstead 150 150 150 
Non-irrigated range rs 2 2 
(Major part of irrigation by cravity flow 
from Mojave River.) 
Apple Valley Ts, 4 and 5 N., Rs. 3 and 4 UW. 
Alfalfa 200 100 140 
Grain and grain hay (alfalfa rotation) 100 715 88.50 
Leveled - water supply - alfalfa land 125 70 85 
Vacant — not leveled - water supply availeble tb Lo 52.50 
Farmstead 150 100 110 
Pasture - meadow 50 40 48 
River bottom pasture Ae 10 Dany i 
2 2 2 


Dry range pasture 


(Irrigation from pumped ground water with the 
exception of 260 acres irrigated from 
artesian wells. ) 
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rate. At present there are 29 Land Bank loans averaging about 43,850 each, 
and 39 commissioner loans averaging y2,782, the two groups totaling $219,200. 
According to the secretary of the local association, almost no delinquency 
has characterized the Bank's history in the area, but the number of commis- 
sioner loans would indicate that considerable refunding of a distress nature 
has been undertaken since 1930. It should be observed also that here, as 
elsewhere, the Bank's appraisals take cautious account of water supply con- 
ditions, and various areas (as for instance, much of that east of Barstow) 
are in effect restricted. r 


Farm Tenure and Rentals 


An exceptionally high degree of ownership by farm operators charac- 
terizes the valley. This was apparent to the authors early in their field 
investigation, and was later verified by examination of the 1930 Census 
statistics. Thus the "crop specialty" group already referred to was divided 
in the Census segregations as follows: 


Number 
Full owners 228 
Part owners 63 
Managers 24 
Tenants, cash 24 
other 44 


Corresponding figures from the 1935 Census were not available when 
this paragraph was written; but if they are in line with the trend of 
recent years, they should show some increase in tenantry but not enough 
to change the general significance of the 1930 figures. 


Costs of and Returns from Farming 


The authors questioned many of the farmers about profits or losses 
from their business, especially as regarded alfalfa production. These 
conversations were directed mainly at a verification of such studies of 
the subject as had been made by other agencies. 


The Agricultural Extension Service of the University of California, 
cooperating with the alfalfa growers of the San Bernardino County Farm 
Bureau, made such studies in 1929, 1930, and 1931, but has not continued 
them since. In 1929 only four farms were represented; in 1940 there were 
six, and in 1931, nine. In 1929 the average net profit per acre above cash 
costs was $24.32, and above all costs, 482.98; the net profit per ton was 


$3.96. Average total return per ton was $23.04. 


In 1930 the average net profit per acre above cash costs was 931.85, 
but when all costs were considered the loss was 2.72. On the latter basis, 
the net loss per ton was 49 cents, put the return above cash costs only was 


65.87. Total return per ton averaged $16.25. 
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In 1931 the average net profit per acre above cash costs was $31.98, 
but the loss, considering all costs, was 911.33. On the latter basis the 
net loss per ton was 12.04, but the return above cash costs only was $3.74 
per ton. Total return per ton was »11.95. 


The analysis of the 1931 operations was the most complete of the 
3-year series. For this reason, and because 1931 is the year nearest to 
the present time, its details are summarized below. During this year, the 
records were kept by six growers of the Hinkley Valley, Helendale, and 
Lucerne Valley in the Mojave district, and by one grower in the Chino dis- 
trict. One grower kept separate records on three fields of different ages, 
so that nine records in all were obtained: 


Number Of recOrdS ..csceesevecveccs vere 9 
ee TOPE ci ane erkip ie naiace <teveesy Cam mq Ne leels ow acm 190 
Average age Of Stand wocseeeseeeevereee years 4 
TIGL. DOL BCLS, osans one iemse caeve seve TONS 553 
PSTAING DSL ACTS oncnes cose ss deer seedOllars 66.08 
Total Cost per ACTO sceetecsaneeeees AOLLars 77 41 
Net loss per ACre ...ceecnceevesesss dOllAars bee ie 
Cash and labor cost per acre ........-dollars 45.43 
Returns per acre above cash costs ...dollars 31.98 
Returns per ton ..eeccevcescecvesess dOllars At. 95 
Total cost per ton e.-sceececesesees -Ollars 13.99 
Net loss per ton seceeecveseescorcese dollars 2204 
Cash costs per ton ....eseceeeeeeees dOllars Peal 
Returns per ton above cash costs ....dollars 3274 


In the above summary, cash costs include all costs except interest 
and depreciation on investment. Depreciation on alfalfa stand, depreciation 
on improvements, and depreciation on equipment together were calculated at 
#18.80 per acre; interest on alfalfa stand, improvements, equipment, 
end land investment, totaled $13.18. The two totals combined, therefore, 
comprised 41 percent of the average total cost of production. 


Although this cost is not an actual annual cash outlay entirely 
(interest on indebtedness would be cash, of course), it must be considered 
Over a period of years since replacements and new plantings have to be made 
and capital investments adjusted periodically. So far as the present con- 
ditions and those of the recent past are concerned, it is important to note 
that the item of interest on investment in land is only »6, or 6 percent on 
$100 -~ perhaps too low, except as reflecting recent Federal Bank refunding, 
even when the severe decline of values is taken into account. Moreover, 
the recently increased frequency of reseeding described in a previous sec-~ 
tion of this report is presumed to mean a higher charge for depreciation of 
stand than that shown. In short, although the 1934 return to Mojave Valley 
farmers was $13 per ton (see Table 11), or gl more than the 1931 price, al- 
falfa can not yet be considered to return much more than its cost of produc- 
tion when interest and depreciation charges are taken into account. However, 
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those farmers who have full or substantial equities in their investments 
are able to continue their operations in relative comfort. All have the 
advantage, important now and in recent years, of having a product that is 
readily marketed for cash. 


Results of cost and return studies for crops other than alfalfa, 
having close application to Mojave Valley, are not available to show how 
the farmers have fared who have tried them out. However, the discussion 
accompanying Table 11 and the figures in the table which trace the course 
of prices, are again in point. The fact that alfalfa is the only major 
crop which has survived throughout the recent years of depression is of 
principal significance. 


All Mojave Valley farmers have benefitted from the reductions of 
general taxes which have been effected in the last three or four years. 
However, although this relief has been important, it has been chiefly so 
by reason of representing a cash cost. The item of “county taxes" aver- 
aged only $1.91 per acre in the 1931 cost study, representing 37 percent 
of the cash overhead but only 35 cents a ton of alfalfa. 
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wWaTER RIGHTS 


In general, there are three different kinds cf water rights exist- 
ing under the law of California: (1) Each acre bordering a stream has a 
riparian right; that is, it has a right to that portion of the stream 
flow which it can use beneficially. (2) Bach acre overlying an under- 
ground basin has a right to use the water, and its owner can insist 
that no development shall interfere with the supply to the underground 
basin. (3) The appropriator of water has the third kind of right. 


The investigation by the State Division of Water Resources which 
produced Bulletin 47, disclosed that there is something more than 200,000 
acres in Mojave River basin which might be expected to claim one kind of 
right or another, but the rights involved are mostly those to the use 
of underground water supplied mainly by llojave River. 


The following sentences from State Bulletin 5, although written 
nearly 20 years ago, are of significance today. They apply to the 
portion of the valley south of the north line cf Township 7 (south, 
that is, of Helendale); hence if extended to the remainder of the valley 
area, the acreage estimates would be somewhat increased. 


The first irrigation ditches on liojave River were con- 
structed in the early seventies below and near the Lower Narrows. 
In a few years others were constructed on the West Fork and near 
the Upper Narrows. It appears that the early irrigators relied 
mainly on the use of the water to establish their priorities 
and for some of the ditches did not accompany their appropri- 
ations with the formality of filing until after the ditches had 
been used, while for other ditches they never filed. On the 
other hand, as with most streams of the arid country, many 
claims have been recorded which did not materialize by the con- 
struction of ditches and use of water. It is estimated from a 
review of the county water records that several hundred such fil- 
ings have been made on the Mojave. «.cereeees 


Under an act of the legislature of 1864 and applying to San 
Bernardino County only, the county maintained a board of water 
commissioners for a number of years to administer the waters of 
the streams, an institution fashioned after that of the early 
formon comaunities in Utah. The commissioners were to "locate" 
Gitches and to apportion the water in them annually. They an- 
nually selected a water master for each ditch to make the ap- 
portionment and the reports of the water masters to the board 
as a matter of record. The main activities of the commissioners 
related to the more populous’ settlements on +he Santa Ana River 
and tributaries, but in 1879, acting on petition of residents, 
they gave attention to irrigation on Mojave River. On January 
15th of that year they met on the banks of the river and located 
six ditehes near the Lower Narrows, assigning to them names and 
numbers and allotting to them amounts .-+++reesee 
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The liesperia Ditch, now owned by the sppleton Land, Water 
and Power Company, is the only one diverting water away from 
the lands in the immediate river bottom. 


rhe early settlers took advantage of the locations where 
the surface flow of the river is constant and the later appro- 
priators had to depend mainly on flood waters «eeeweeees 


No complete adjudication of rights on Mojave River has 
been made and the few priorities and decreed amounts are fixed 
only as regards certain other ditches or as regards certain 
users under other ditches involved in the litigation........e. 


Owing to uncertain legal definition of riparian land it 
has not been considered advisable to undertake any exact de- 
termination of the extent of such lands. The estimate of the 
area here given is based on the assumption that the riparian 
land is limited to the smallest subdivisions that have existed 
at any time touching the high-water banks of the river and its 
tributaries and lying within the drainage. 


Excepting the lands of the Appleton Land, Water and Power 
Company, probably few, if any, of the original units exceeded 
320 acres, and some were only 160 acres. Some of the original 
tracts have been subdivided. Therefore, it seems sufficient 
to assume as an average that the riparian land does not extend 
back from the river more than one-half mile on either side. 
Considering only irrigable land and land where the flow is 
regular enough for crops to be maturea, an estimate of 20,000 . 
acres of riparian land is given. Adding to this another 20,000 
acres for the Appleton company lands, the total estimated area 
of riparian lands that should be taken account of is about 
40,000 acres. 


As will appear from comparison of these acreage estimates and the 
figures in the chapter on "Water Supply," there is a far greater acre- 
age in Mojave Valley having or ina position to claim water rights than 
can be supplied with the water available. Tinie at the disposal of the 
authors of this report did not permit an enumeration of the established 
or claimed rights. However, in connection with thie reference above 
quoted (to the rights of the appleton tract) the following statements 
are significant as indicative of the attitude of land owners whose old 
rights have remained dormant or been exercised only to a limited extent, 
They are from a communication filed in the spring of 1955 with the Cal- 
ifornia Emergency Relief administration in support of a project sub- 
mitted to that agency for proposed early construction. (See also "Present 


Proposed Developments"): 
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"I desire to particularly invite your attention to the 
fact that owing to the great length of time the riparian and 
appropriation rights were filed on and approved, and also the 
entire absence of any adverse claims, and California Court 
Decisions affecting similar situations, it would be impossible 
for an outsider to construct any reservoirs, divert any of the 
water belonging to this property or to disturb the property 
WEG PIPHTE eeel ee e ee 


"The riparian water rights of this property give it a 
minimum of 30,000 acre-feet per year." 


Further reference to the matter of water rights, especially as 
affected by recent court decisions, is made in the chapter on "Present 
Proposed Developments." 
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QUALITY OF THE RIVER WATER vy 


The Mojave River drains the northern slopes of the San Bernardinc 
Mountains, and its water in the upper part of its basin is very much like 
that of the upper tributaries of the Santa sna River that drain the south 
slopes of the same mountains. These waters are remarkably pure and are 
well suited to irrigation use. 


During the years 1932 and 1933 samples of water were collected at 
several stations along the Mojave River by Mre Ke. Ry, Melin of the Ue S. 
Geological Survey. These water samples were analyzed at the Rubidoux 
Laboratory of the U. S. Bureau of Plant Industry, The results of these 
analyses are reported in Table 15. 


It will be observed that the data of the table are arranged in the 
order of the location of the sampling stations along the stream beginning 
at the headwaters of the main stream at the junction of West Fork and Deep 
Creek at approximately 3,000 feet elevation and extending thence downstream 
to a gaging station near afton some 35 miles east of Barstow, including 
eight stations in all. At only two of these eight stations were samples 
taken more than once, but the data from the two stations that were sampled 
more than once indicate that the quality of the water does not change much 
with different volumes of discharge. 


The station from which eight successive samples were taken is located 
in the Upper Narrows just above Victorville. Samples from this station, 
representing stream discharges ranging from el cubic-feet per second up to 
82 cubic-feet per second, show that the total salinity as measured by con- 
ductance (K x 10? @ 25° CG.) did not exceed 30 nor drop below 20. Expressed 
jin other terms this would mean that the total dissolved salts in this water 
is equivalent to approximately 0.2 ton per acre-foot, and the detailed an- 
alyses show that the most abundant constituent is calcium bicarbonate, @ 
salt that is relatively harmless. 


The detailed analyses reported in the table, for the stations as 
far downstream as Hodge, show that in respect to the various constituents 
as well as in sodium percentage the concentrations are well below the ac- 
cepted limits of tolerance for irrigation use. The samples from the three 
lower stations are not quite so good, and particularly the sample from the 
Afton station shows concentrations that might be too high for safe use with 
some crops and under the less favorable soil conditions. 


; . . 
1/ By Carl S. Scofield, Principal Agriculturist in Charge, Division of 
~ Western Irrigation Agriculture, Bureau of Plant Industry, United States 
Department of Agriculture. 
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TABLE 15.- Quality of Mojave River water, as represented by samples collected 
om 2952, 1953, and 1954. (Analyses by Division of Western Irrigation 
Agriculture, United States Department of Agriculture, Riverside, 
California. Collection of samples and discharge data by 
United States Geological Survey.) 
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Junction of West Fork and Deep Creek (the Forks) 
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Camp Cady - about 25 miles below Bar stow 
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The samples analyzed as recorded in Table 15 and identified there 
by laboratory numbers, have the following descriptions: 


MOJaVE RIVER at junction of West Fork and Deep Creek. NY corner of 
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He R . Melin. 
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Collected January 5, 1932, by 


mOJaVis RIVER at U.S.G.S. Gaging Station in Upper Narrows at Victor- 


ville. 


1932, by kK. R. Melin. 
U.S.G.S. Gaging Station in 
thunderstorm 3 days before 


MCJaVe RIViR at 
ville. Local 
Collector, i. 

MOJAVE RIVER at 
K. R. Melin. 

MOJAVE RIVER at 
K. R. Melin. 
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MOJAVE RIVER at 
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U.S.G.S. Gaging 
U.S.G.S. Gaging 
U.S.G.5. Gaging 
U.S.G.S. Gaging 


U.S.G.S. Gaging 


River above normal after storm, 
MOJAVE RIVER at Santa Fe R.R. bridge over Lower Narrows, about 2 


miles below Victorville. 
January 6, 1932, 
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Collected January 6, 


Upper Narrows at Victor- 
but stream back to normal. 
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Upper 
Upper 
Upper 
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Upper 


Narrows. 


Narrows, 


Narrows. 


Warrows. 


Narrows. 


Narrows. 


Collector, 
Collector, 
Collector, 
Collector, 
Collector, 


Collector, 


but not a continuous stream. 


Nig, Niky SeCe cor is 6 N, Re 4 We 
Collector, kK. R. Melin. 


MOJAVE RIVeR at Bryman, about 10 imiles downstream from Victorville. 
Center N line, Ni, NEz=, Sec. 25, T. 7 N, Ro. 4 We January ce 


LO 32 « 
MOJ2VE RIVER at 
Si, Geo. 28, 
Melin. 
MOJAVE RIVER at 


Collector, K. R. Melin, | 
Taken at U.S.G.S. Gaging Station, SE, 


Hodge. 
GA 5] N, [Ser Ss, Vie 


forks of road. 


Collected March 17, 1932, by Ke Re 


(Watering place on Old Pioneer 
Stream is forced 


Trail.) NW corner SWiz, Sec. 2, T. 9 N, Re @ B. 


up by fault at this point. 


April 27, 1932, K. R. Melin. 


MOJaVE RIVER at 
MOJsVi RIVER at 
MOJAVE RIVuR at 


forks of road. 
forks of road. 
Camp Cady. Sil 


River dry above fault at this date. 


November 2, 1932, K. R. welin. 
January 11, 1933, Ke R. Meline 


corner Sec. 19, T. 10 N, R. 4 E. 


Sample taken from stream above inflow from artesian wells. 
Surface flow at this point continuously. 


Melin. 


MOJAVE RIVER near Afton. 


T, 1L.N, R. 6 


due 


welitias 


July 21, 1932, K. B. 


&t U.S.G.S. Gaging Station, Sec. 21, 
Collected January 29, 1932, by ik. R. Melin. 
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WATER REQUIREMENTS OF IRRIGATED CROPS i/ 


Most of tne irrigated land in the ilojave Valley lies adjacent to 
the river or in territory served by underflow from the same source. The 
few records of irrigation of alfalfa available in the Victorville dis- 
trict (see Table 16) show an application of about 9 acre-feet per acre 
annually, a high figure which is, however, equalled elsewhere, especially 
in sandy bottom soils farther down the valley where pumping lifts are 
low or gravity water is available. 


The use of water on alfalfa at points distant from the river 
bottom where irrigation is entirely by pumping from wells through rel- 


atively high lifts is less than under gravity diversions. 


TABLE 16. - Irrigation water applied to alfalfa in abeesbe sen 
district, Mojave Valley, Calif., May, 1954-spril, 19354 


Total irri- 


Area gation water Crop Locality. 
irrigated applied 
per acre 


acre-feet 
ce l acre alfalfa, 40 acres fruit Apple Valley 


3059 45 acres alfalfa, 45 acres barley hay| Apple Valley 


9.40 50 acres alfalfa Victorville 

Bats 20 acres alfalfa Oro Grande 

Gel) 40 acres aifaifa Helendale 
10.49 70 acres alfalfa Wild 

jets °1 acres alfalfa, 15 acres grain Hinkley 

5.26 O acres grain Hinkley 








1/ These data obtained from the farmers through the Southern Sierras 
~ Power Company. 


eae 
1/ Prepared principally by A. A. Young, Assistant Irrigation Engineer, 
Bureau of Agricultural Engineering, U. S. Department of agriculture. 


hoa 








| 
i 
i 
| 
i 
i 
; 





? ‘ a 
“a5 4 2.4 s¥ rou as 
G wo0 Ret 5S iG 
, 
* - 2 
v Fi 5 . 7 a Ak 
910 SEL gene sie 1 
; 
.* pea Lu 7 : 4 a | 
ye 28 Bvi 
| 
| 
eizi rot 
f 
| . : : 
eo ee “er —— Kir tettgpintinls ination 
ee) ; 


‘ 


ad 


1,3 : op Se (25a | 


pent 
; 
; 
| 








anal 


mo + ’ 


 4aeer ek « { 


, teogiaa 
a Stil) LVS bavi I rive 7’ 





nc Sout Lee pa 


i ACY 6 ae 








Et GSS 

, ted tater ga 7% 
hey reyes +6 Si 
vole (od olte? 
n3tt tate 2 


Esti ; - Hw 


eft +s? ni joée meerme 
wileh 
> ' : 
rayon nf tote VOR 
, 


5 al :teykttt s 
7? 
9 
Ph | 
7 j 7 af 2 ~> 
a , Souter 
} ee 
victimes 


2 tg 


p> bags 


i | athena 


The best records of irrigation of alfalfa in areas adjoining the 
Mojave Valley are those obtained near Lancaster, some 40 miles west of 
Victorville. The climate in each case is similar except that precipitation 
at Lancaster probably exceeds slightly that along the Mojave River. Records 
of irrigation by pumping, obtained by the Agricultural Extension Service, 
University of California, near Lancester in the antelope Valley, are given 
in Table 17. The mean use of water for the years 1931 and 1932 was 5.5 
acre-feet per acre, not including rainfall. Additional records kept by 
J. A. Bradley on the Mileaway Ranch in the same vicinity show an average 
use of pumped water amounting to 6.82 acre-feet over a 5-year period. 
(Table 18.) 


Preliminary investigations of irrigation of alfalfa in Antelope 
Valley disclosed that between 9 and 10 acre-feet per acre were being used 
on a number of ranches. Following irrigation demonstrations by county 
farm advisors and extension specialists the average use of water dropped 
to between 7 and 8 acre-feet in the following year and to 5-1/2 acre-feet 
in 1931 and 1932, without decreasing the yield. With further educational 
and economic pressure it is probable that the use of water can be still 
further reduced. hat has been done along this line in the antelope Valley 
ought to be possible in Mojave Valley also. astong several influences now 
operating to cause a heavier use than is perhaps necessary two may be 
mentioned here. Control of both should effect an appreciable reduction 
in water use: (1) Checks are too large and irrigating heads inadequate, 
thus necessitating an almost continuous irrigation schedule and a total 
application of more water than should be needed were checks reduced in 
size. Five cuttings of alfalfa are commonly made, but the number of irri- 
gations varies from about eight or 10 to as many as 20. (2) Unnecessarily 
heavy irrigations are made just before May 1, when the electrical rate 
year changes and while the lowest rate is applicable. What looks like a 
bargain rate for pumping tempts many farmers to make too heavy an appli- 


cation. 


Records of irrigation outside of the Mojave and Antelope valleys 
have been obtained at the Yuma Field Station, Bard, California, by the 
Division of Irrigation, Bureau of Agricultural Engineering, U. S. Depart- 
ment of Agriculture. These are shown in Table 19. The growing season at 
Bard is longer than at Victorville ana temperatures are higher, both of 
which influences should contribute to a heavier use of water at Bard. 
Nevertheless, the average use by mature alfalfa for the 5-year period, 
1932-33 ana 34, was only 5.4 acre-feet per acre, 4 figure which corresponds 
closely with that for Antelope Valley. 


The quantities of water mentioned in the preceding tables are total 
rigation applied, but do not include rainfall which occurs 
mostly during the winter months and is distributed during the season so as 
to be of little value to a growing crop. They include the net consumptive 
use of water withdrawn from the soil by the crop as well as any excess 
water which may percolate downward beyond the limits of the root zone. 
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TABLE 17. - Irrigation water applied to alfalfa grown in the 
Lancaster Area, Antelope Valley, Calif., 1931-32 


Total Total 
Area irrigation Area irrigation 
irrigated application | irrigated application 
per acre per acre 
Acre-feet Acre~-feet 


Fine sand 5.81 ‘ 3.10 
Loamy sand 4,40 3.65 
" 4.50 3.88 

1.19 4.30 

7,78 5.00 

9.62 5.02 

Fine sandy loan 5,47 5,47 
ee 2.20 5.68 
Salt bets 

" 6.78 6.07 
Sand, heavy 8.36 Bina 
Loamy sand 8,20 6.65 
Fine sandy loam 4.60 6.74 
Sand 6.03 fe 
Fine sandy loan 5.19 8.11 


Sand Oe 
" 3/ 8,61 


8.715 
4,86 
Loamy sand 2.94 


Fine sandy loam fad 4,22 
-- 4435 


Sand, heavy 2.00 


Mean eV e: 


1/ 2/ Obtained by County Fam Advisor, Agricultural Extension Service, 
University of California, from individual growers. 
1/ Published in Tech. Bulletin No. 379, “Irrigation Requirements 
of the Arid and Semiarid Lands of the Pacific Slope Basins," 
by Samuel Fortier and Arthur A. Young. 
2/ Mimeographed reports in Los Angeles County Farm Advisor's 
office. 
3/ These fields were newly planted in the fell of 1990. 
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TABLE 19. = 


Crop 


Mature alfalfa 


Young alfalfa 


' Corn 


'Grain sorghum 


Winter wheat 
it ii 


Spring wheat 


Comparison of duty of water used on experimental plots at 
U. S. Yuma Field Station, Bard, Calif., 1932-45-34 


Year 


Length of 
irrigation 
season 


Number 
of 
irrigations 





Average 
depth of 
application 


per irrigation 


Total 
irrigation 
applicationl 

per acre 


ere-inches 


58.82 
10.96 
64.36 


Soa 
63-70 
68.54 


22.10 
2539 
Eeoh} 


28.16 
31.24 


29.92 
31401 
23172 


17.54 
22448 
13.43 
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Water thus passing to depth is of no value to the crop at the time, 
but to a certain extent, depending upon conditions described later, 
becomes available for future use through return flow. 


Where five, six or more acre-feet per acre are used in irri-~ 
gation of alfalfa some part of the water must pass below the root 
zonee Amounts used tonsumptively depend in part upon such factors 
as demsity of stand, length of growing season, climatic factors, 
and number of cuttings. As far as known, actual consumptive use of 
water by alfalfa in this area has never been determined and any esti- 
mate used in this report can be merely approximate. xperiments made 
by the Division of Irrigation, Bureau of agricultural Hngineering, dur- 
ing May, June, and July, 1930, on consumptive use of water by alfalfa 
grown in the Chino basin under slightly different climatic conditions 
have been described. 1/ The results were as shown in Table 20. These 
data are fragmentary but are shown here for whatever value they may 
have: 


TABLE 20. - Consumptive use of water, alfalfa plot, Thomas Ranch, 
Chino, 1930 


Date Date crop Period Rate of use 
of irrigation was cut stucied per 30 days 





Acre-inches 


on May 12 May le-iay 23 4.03 
May 26 -- Fake q-July 1 5550 
July 12 July 18  Fuby 2i-augs 4 3.54 
huge 6 Aug. 21 -- -- 
Sept .12 -- = at 

Total 13.07 


Return flow also depends upon a number of factors, chief of which 
are quantity of water applied, consumptive use by crops, porosity of soil 
irrigated, and length of period during which the area has been under irri- 
gation. If it be assumed that consumptive use by alfalfa is 3 acre-feet 
per acre as estimated by Conkling in Bulletin 47, and 6 to 9 acre-feet 
are used in irrigation the return flow will be increased by 3 to 6 acre- 
feet. As previously explained, a definite figure for consumptive use 
by alfalfa is not known and can only be estimated. 





an 
1/ California State Department of Public Works, Division of Water Re- 
“sources, Bulletin 33, "Rainfall Penetration and Consumptive Use of 
Water in the Santa Ana Valley and Coastal Plain,'' by Harry F. Blaney, 
C. A. Taylor and «a. A. Young, TO AO ie 
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As some deciduous fruits are still grown in lNiojave Valley, avail- 
able records of use of water by orchards have been compiled. Table 21 
shows amounts of water used in irrigating deciduous orchards in various 
localities not all of which are in the Mojave area. Data shown are not 
always consistent, as one mature orchard on East ilesa was given more 
than twice as much irrigation as one in the river bottom lands. Some 
localities have more rainfall than others, which also affects the amount 
of irrigation necessary. 


1/ 


TaBLE 21. - Irrigation water applied to deciduous orchards ~ 


Number of Total irri- 
Locality orchards gation appli- 
cation, per 
acre 


2/ Acre-feet 
Mojave River bottom 
Bast Mesa 

West Mesa 

Lucerne Valley 
Yucaipa 

Perris Valley 
Beaumont 


3/ 


1.98 
“69 
Pa 3 
88 
36 
68 
«40 


MM W FW ON Fe 


Mojave River bottom ; 2499 
East Mesa Sele 
West Mesa i,Ve 
Yucaipa 2.12 
San Timeteo Canyon 41 
Beaumont +38 
Banning 1.80 





1/ From Tables 11 ané 12, State Bulletin No. 5. 
2/ This group of orchards under five years of age. 
3/ This group of orchards over five years of age. 


The best record of irrigation of pears was found in the Little- 
rock Creek Irrigation District between Palmdale and Victorville. This 
district is closer to the mountains than much of the Mojave Valley and 
probably has more rainfall. Records from 26 pear orchards are compiled 
in Table «22, which gives the total irrigation application during the 
season as well as its monthly distribution. actual use of water on 26 
orchards comprising 303 acres was 17.2 acre-inches per acre, which may 
be considered very moderate irrigation. These orchards were clean 


-55- 













-Liace Netlist evebodt af gece ifove wis acictl 2 stalled canal 
(f eslisT .Gelignad need Ss70F G@etaieto 1 en re @eu 6 aiveo 
avoiwav at aeirvdess evoublooeb guitpyltut al esc wren 70 ef 
toa eta ceode oe «pers ones aif bi ote notte Do Ee Oe8 prs : 
Tom avin Gav socks GaSe ao otaiio$w» cise ef0 Ge , nose fango 
ansa sebriel aotte¢ vewiy eile ol ano 26 soté¢en ie? Gomme a4 
dmureme oat atedtts use colds jo wit) aeis ifsiitet etod etal 
aeaeoenh do 


- 
os 





aivvedoo. excuBiosb of Seliiqde tales aoisegittl » sf9 
i 9 ee Oe Oe ee tere . 
ie iis 
aad . «7 
| : 
| } es ene: 
j 
; | 
4 | Ioffe’ te0RR 
; ; 
| 
; yoLley 
| | 
\ . : col Lsy 
wn H } { 
Ay i ’ | . ; F } 
- 1 
le a 
| | | | 
| . 22,5 ’ i ; rt #0 7 36 q90 ik 
; ; ls : “ . 
$0.2 ; : 
a * « 1 > : ; 
{ h : 
 E : 5 Goya 
ae | , 
| : ; 
t 
TO ELI AIO LAL Teta i a A eet a lp snc 
~ 
s j i 73 / , ol OB id saldet 
2 » Bey rat a51isayt% wom 
«Oe Mey st { cave sotwiow® Te quota ae 
* ah 
ers bid 7 Bs ere taiye | Fay “ate a) 1) 4.2 ee A 4 at broset taed : vy 
$i? salt ive Ev Dams wdalints ried #a20%e nl aehiaianh - 
MS DOA LB ‘Cs tim Ging A mt 


UU ddeeie iL) ar) Oe ad ysecks ai 
Dioosk + Lola ese eee 
Ff Ke SiLuve aeetes Pal toy ond aavie soko 
35% "> yetaa 6 acs . o ’ ‘the 


| lgufgSa 20d Jeid Vidivem ad,-ee Sie ae 
pried ; eee “Vane Bel + BAH SAOe Ce ‘our So 
{ AD One tL a eLEBS IT, @Fatasbow viev be [ i 

ithe: 





cultivated. Table 23 shows monthly and seasonal irrizations on 16 orchards 
On which some cover crops of alfalfa were grown betwoen trees. Under these 
conditions more irrigation is necessary. Sixteen orchards totaling 124 
acres used 24 acre-inches per acre. Such records sive a fair indication of 
irrigation practices in an area climatically similar to Mojave Valley. They 
show that orchards can grow and become productive on small amounts of water. 
Water in the Littlerock District is stored in a reservoir and supplemented 
to a very limited extent by water pumped from wells. 


Monthly and seasonal net irrigation requirements of Antelope and 
Mojave valleys have been estimated. In groupings of this kind primary 
considerations are climate, crops, and scarcity of water, In localities 
having a limited water supply of high value preventive wastes are reduced 
to a minimum. As the difficulty of securing water increases growers are 
inclined to turn to those crops which may be produced with less irrigation; 
but, as has been shown elsewhere in this report, the trend in Mojave Valley 
has been strongly away from orchards and into an expansion of the alfalfa 
acreage. If alfalfa remains the principal crop the net requirement must be 
considered approximately 3.0 acre-feet per acre. Many farmers will use 
more water, but with careful attention to modern irrigation practice ex- 
cessive usc can be reduced. 


The monthly percentage of net irrigation requirement as given in 
Bulletin No. 379 is as follows: 


Month Percent 
March 3 
April 10 
May . 16 
June 18 
July 20 
August 18 
September 10 
October 5 
Total 100 





af Irrigation Requirements of the Arid and Semiarid Lands of the Pacific 
Slope Basins, U. S. Dept. of Agriculture Tech, Bul. No. 379, by S. Fortier 
and A. A. Young, 1933. 
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The cost of delivery of irrigation water varies with the means 
employed. H#asy diversions from flowing streams delivered through small 
canal systems result in low costs. Pumping for irrigation results in 
high costs. Where there is no surface supply and pumping is necessary, 
items making up the cost of pumping are directly under the farmer's 
control. Such costs depend, in part, on the type of well, on a pump 
suitable for meeting irrigation demands economically, and upon the source 
‘of power to run the pump. In addition, the farmer is sometimes able to 
choose those crops which use small amounts of water thus holding his 
power bills to a minimum. 


The pumping unit consisting of pump and engine or motor is most 
economical in operation when direct connected, thus saving transmission 
losses and improving efficiency. Plants with less than 50 percent 
efficiencies are not economical although many are used. According to 
the county farm advisor of Los Angeles County the actual value of each 
1 percent difference in plant efficiency in ten cases where comparisons 
could be made was found to be 9.9 cents per acre-foot per 100 feet of 
lift. For this study the range of plant efficiency was between 45 and 
55 percent. On the average the grower who operates a 45 percent effi- 
cient plant with a lift of 100 feet pays 99 cents more per acre-foot for 
electric power than if his plant had a 55 percent efficiency, assuming 
that both plants would run about the same number of hours per season. 
When efficiencies are less than 50 percent it will be found economical 
to replace or repair worn parts. 


The cost of pumping may be divided into depreciation, interest, 
taxes, and insurance, power or fuel charges, lubrication, repairs, and 
attendance.£/ These include both operating and fixed charges. The 
choice of power or fuel lies with the operator and may be either gaso- 
line, Diesel fuel oil, natural gas,or electric power. Where the latter 
is available it is generally used on account of its cheapness, conveni- 
ence, and dependability. Mojave Valley is served by the Southern Sierras 
Power Company whose agricultural power schedule is given in Table 24. 


Using data obtained by the Southern Sierras Power Company in 
making pump tests, and combining them with yearly records of cost and 
Operation, Table 25 has been compiled to show some costs of pumping for 
irrigation at nine different pumping plants in Mojave Valley. Lifts 
varied from 21 to 262 feet at the time the pumps were tested. No con- 
tinuous records of water levels are available and it should be under- 
stood that seasonal variations in water levels have not been considered. 





L/ Prepared principally by A. A. Young, Assistant Irrigation Ensineer, 
Bureau of Agricultural Bngineering, U. S. Department of Agriculture. 


2/ Califormia State Department of Public Works, Division of Water Resources, 
Bulletin No. 36, "Cost of Irrigation Water in California," by Harry F. 


Blaney and Martin R. Huberty. 
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1/ 


Only meager pumping costs for the Mojave Valley are thus available ,— 
but power costs for pumping for alfalfa in the Antelope Valley have been 
found by the Los Angeles county farm advisor. As the two areas are similar 
in soil and climate Table 26 is included. Records of 29 farms are shown, 
giving annual power costs per acre, per acre-foot, and per ton of hay. 
Analysis of the first group of records in the table shows that those plants 
having an average overall efficiency of less than 50 percent cost 3.19 per 
acre=foot of water pumped, while those with an efficiency of over 50 per- 
cent cost $2.01 per acre-foot. 


Additional pumping records are available for the Mileaway Ranch in 
the Antelope Valley for the 5-year period 1929 to 1933, inclusive, as 
shown in Table 27. Although the Antelope Valley is served by the Southern 
California Edison Company, the power rates, while differing slightly from 
those in the Mojave Valley, agree closely enough so that pumping costs 
under the two systems may be compared. However, pumping lifts in the 
Antelope Valley are probably greater than those in the Mojave area. 


The economic lift in pumping for irrigation depends, in part, on 
the type of crop grown, the cost of its production, and the value it 
will have when sold. Among other items in cost of production are power 
charges, pumping lift, water pumped, and plant efficiency. High-priced 
specialty crops, especially those with low water requirements, can stand 
higher pumping costs than crops bringing smaller returns. Citrus, using 
two acre-feet per acre, may and sometimes does receive water pumped 
through lifts of as much as 500 feet on account of the high sale prices 
for the crops. Alfalfa, on the other hand, with a greater water require- 
ment and receiving smaller returns, must have its pumping charges sharply 
limited if the grower is to receive a profit. In many cases growers have 
failed to realize the necessity for better irrigation practice in order 
that power bills may be reduced and that some of the value received may 
be retained as a profit. In recent years too many alfalfa growers have 
operated at a loss. In part, this is attributable to economic conditions, 
but in many cases it is also a result of poor irrigation practice. 


L The 1931 alfalfa efficiency studies discussed under the heading, 


"Costs of and Returns from Farming," showed an average cost for 
“irrigation water" of $11.36 per acre. (This was a material cost -- 
not labor.) The 1930 average was $13.00, and the 1929 average 912,06, 
The 1930 report calls particular attention also to the fact that, for 
that year, "the total average cost of irrigation per acre is 35,00," 
The figures on cost of irrigation water are understood by the authors 
to differ from those shown in Table 25 because they include other items 
besides power, such as lubrication and repairs. 
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TABLE 24, - Southern Sierras Power Company, Agricultural 
Power Service, Schedule P-4, Mojave District 


Rate (a) ~ For service delivered at 110, 220, or 440 volts 





“Rate per K.W.H. for connected loads of 






Annual consumption per horsepower : 2H.P. oe LOE aes - 25 Hers 
¢ to 4 to : and 
9 HP. S cue riek » 
















First 500 K.W.H. 2 
Next 500 K.W.H. 2 
Next 1000 K..H. Le 
Next 2000 K.W.H. 1 
Over 4000 K.W.H. 0 





Minimum charge: 
First 5 H.P,. @ 


.50 per H.P, per year but not less than 924 per year. 
Over 5 H.P. @ 96,0 


9 
8,00 per H,P. per year. 





Rate (b) - Optional with above rate (a) 


Demand charge per H.P. per year 


Energy charge per H.P. per year : For connected loads of 
in addition to demand charge : - EP. * “10 AP. : oo Heras 
; to : to : and 
Mite ets t— PAL TEE s : over 
Dollars Dollars Dollars 
: 9.50 8,50 8.50 
—e : — = —- ——— oe 
Cents Cents Cents 
First 2000 K.W.H. 1.45 Le. tL 
Next 2000 gee i 0.95 
Over 4000 K.W.H. 0.95 0.95 0,85 
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TABLE 26. - Cost of power for irrigation of alfalfa by pumping 
Antelope Valley, California 


Duration "] 

Overall of | Power cost 
efficiency pumping Sor 

operation . acre-foot 


12.70 
13.28 
18.68 
13.08 
21.50 
12,03 
16.23 
23.16 
13.39 
13.54 
aD o) 
18.37 
18,26 
22.50 
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17.48 
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Power furnished by the Southern California Zdison Company. 
The first group of records were obtained in 1931, the second group in a. 9528 
All data were collected by the county farm advisor, Agricultural Extension 


Service, University of California. 
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TABLE 27, - Cost of power for irrigation of alfalfa by pumping, 
Mileaway Ranch, Antelope Valley, California 









Power cost 










Total 
pumping 
head 


Overall 


Year 
4 efficiency 







Per 
acre-foot 
Dollars 






Percent Dollars 



















1929 57 3,09 4,61 
1930 54 2.58 3.50 
1931 58 
1932 58 


54 


Power furnished by the Southern California Hdison Company. 
Data furnished by J. A. Bradley, Santa Ana, California. 
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WATER SUPPLYL/ 


Description of Mojave River System 


The drainage basin of Mojave River is an irregular-shaped area 
that extends from the southwestern part of San Bernardino County north- 
eastward to the central part of the county. Despite its various pecu- 
liarities Mojave River is a typically desert river in its lower courses, 
It rises in the higsh San Bernardino Mountains where it is perennial. 
Within a short distance it emerges on the desert plain, and much of the 
water sinks into the porous alluvium so that it is entirely dry through- 
out much of its course for many months at a time. 


The mountain headwaters comprise two distinct branches, East Fork, 
or Deep Creek, and West Fork, which unite at the base of the mountains to 
form the main river, This junction is known as the Forks. Below it the 
river, in its course of 90 miles across the desert plain, receives no sur~ 
face tributary of consequence, but there is an underground contribution 
from springs. The course of the river is first northward 30 miles, then 
northeastward 20 miles, and finally eastward 40 miles, The river ends in 
dry lakes at an elevation of less than 1000 feet above sea level. The 
mountain watershed of the river, 217 square miles in area, extends from 
an elevation of 8000 feet at the summit of the range to 3000 feet at the 
Forks. The upper portion has heavy precipitation and the main tributaries 
are never dry where they leave the mountains. In summer the water sinks 
in the river a short distance below the Forks but appears again as surface 
flow several miles downstream, reaching the Upper Narrows at Victorville, 
14 miles below the Forks. The surface flow continues through the Lower 
Narrows 4 miles farther downstream, and during the summer again sinks 
several miles below Oro Grande after supplying a number of irrigation 
ditches. The water is then brousht to the surface for short distances 
at a number of other points. These points are increasingly farther apart 
and the flow diminishes in quantity toward the lower end of the stream. 

At each place of reappearance the water supports a considerable amount of 
noneconomic vegetation. In describing these points in the river, Thomp son2/ 


states: 


"Therever the water is at or close to the surface there is 
more or less evaporation, not only from the surface streams but 
also from the ground water supply through direct upward caoillary 
movement and by transpiration from the plants. In some places as 
summer approaches the evaporation becomes so great that the water 
is disposed of more rapidly than it reaches the surface, and the 
stream dwindles and disappears. But even when the stream no 
longer exists water is generally present a few feet below the 
surface, except in places where the ground water is not held near 
the surface by submerged rock ‘dikes’ or dams. As the end of the 





Ly Taken in part from State Bulletins No. 5 and No. 47. 
Eb GiB Geological Survey W. S. Paper 578, p. 375. 
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dry season approaches the evaporation becomes less, more water 
reaches the surface and the stream becomes wider and deeper and 
has a greater linear extent. The end of the stream may be seen 
to advance on cool days and at night and to retreat on warm days." 


In dividing the Mojave River stream system into various areas for 
study, certain natural segments become self evident. Above the Forks, 
the area is mountainous and produces practically the entire water supply. 
Between the Forks and the Upper Narrows at Victorville is a capacious 
absorption area, the seepage losses into which are either lost by evapo- 
ration and transpiration, or become surface flow at the natural dam 
created by the Upper Narrows constriction. The amount of underflow 
through the Upper Narrows is negligible. From the Upper Narrows to 
Hodge, the stream flows in a narrow canyon=like section. The surface 
flow at the Upper Narrows supplies a constant gravity flow for several 
ditches in the upper reaches of this section, but the rest of the area 
must depend for water on pumping from the gravels along the stream. 

Below Hodge there is another absorption area, not quite so good as the 
area between the Forks and Upper Narrows, because the stream-bed mater- 
ials are not so coarse. In this section, which extends to Barstow, there 
is an underground escape of an indefinite quantity of water under Hinkley 
Valley toward Harper Lake. 


Between Barstow and Daggett, the stream flows in a section similar 
to that between Upper Narrows and Hodge. Below Daggett, there is a broad 
alluvial flat sloping in a general easterly direction. The stream flows 
in an ever deepening trench along the northerly side of this valley to 
Camp Cady, where it enters a deeply eroded narrow channel in which it 
flows to the vicinity of Baxter on the Union Pacific Railroad. Below 
Baxter, there is a broad debris cone, which is very absorptive, The 
stream flow, which occurs during times of flood at infrequent intervals, 
wanders over this debris cone on which it splits into two diverging chan- 
nels, one channel carrying water northerly into East or Upper Cronise 
Valley where a lake has been formed and at the northerly end of which 
overflow through a low gap would carry the water to another basin known 
as West or Lower Cronise Valley. The other channel carries the water 
easterly into Soda Lake, a broad alkali flat which offers no surface 
storage, but over which the flood flow spreads for a considerable area, 
saturating the soil from which it later evaporates. At the lower end 
of Soda Lake the remaining flow re-gathers and passes through a low, 
narrow gap into Silver Lake, which at present is the extreme end of the 
Mojave River stream flow. There is direct evidence that Silver Lake has 
overflowed during recent times, in which case the water would reach the 
Amargosa River near Salt Spring and thence by this channel reach the 
Salt Pools in the bottom of Death Valley. 


For the purpose of discussing the vater supply of the Mojave Basin, 
the basin may be divided into five parts: (1) the mountain headwaters 
(see Plate 5-A in Appendix); (2) the Upper Mojave Valley, 4 proad alluvial 
plain, extending from the San Bernardino Mountains northward to Victorville, 
(see Plate 5-A in Appendix); (3) the Middle Mojave Valley, a narrow irregu- 
larly shaped alluvial plain, extending from Victorville to a point near 
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Barstow, (see Plate 5-B in Appendix); (4) the Lower Mojave Valley, a broad 
triangular shaped alluvial plain, having its vertex at a point near Dag- 
gett and its base at Cady Mountain, (see Plate 5-C in Appendix); and, 

(5) the region to the north and east of Cady Mountain, commonly known as 
the sink of the Mojave River, occupied by Cronise, Crucero, and Soda Lake 
valleys. 


Mountain Headwaters 


The headwater region of the Mojave Basin above the Forks forms a 
collecting area for the water of both the surface flow of Mojave River 
and a large part of the ground water of different parts of Mojave Valley. 


The headwaters drain practically all the north slope of San Ber- 
nardino Mountains. The drainage area is forested in its higher elevations 
and much of the precipitation occurs as snow, The headwaters comprise two 
major branches, West Fork, 75 square miles, and Hast Fork (Deep Creek), 
137 square miles, above stream gaging stations which unite head-on just 
above the plain at the Forks and form the Mojave River. 


As a result of the activities of the Arrowhead Lake Corporation 
(and its predecessors), data on rainfall and runoff are unusually numerous 
for the headwaters of Mojave River, and it is possible to estimate the 
discharge of the tributaries at numerous points. These records were made 
available to the California State Division of later Resources and were 
used by their engineers as the basis for estimates of discharge at various 
places. Since 1930 the United States Geological Survey has been measuring 
the discharge of the East and West Forks of Mojave River. The results are 
incorporated herein. 


Precipitation. - The northern slopes of the Sierra Madre Range 
receive less precipitation than the southern slopes, but they are less 
steep, less subject to direct rays of the sun, better timbered, and they 
hold the snows longer and have slower runoff in proportion to precipita- 
tion than southern slopes. 


The comprehensive meteorological observations made throughout the 
watershed by the Arrowhead Lake Corporation and others for many years 
show the precipitation to vary from about 13 inches at the Forks to about 
58 inches near the summit, the maximum occurring in the flats situated 
just north of the crest of the range. The precipitation falls off rapidly 
toward the desert on the northeast. The more elevated portions of the 
watershed are in heavy timber of pine and fir without much undergrowth, 
and the lower portions are covered with thick brush. 


Monthly and annual precipitation records are shown in Appendix l, 
Table 39, and locations of stations are indicated on Plate 2 of California 
State Bulletin No. 47, "Mojave River Investigation From the records of 
50 years (beginning 1883-84), the average rainfall at the several stations, 
where the record is more than 10 years in length, is estimated to be as 
shown in Table 28: 
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TABLE 28. - Precipitation at principal stations maintained by 
Arrowhead Lake Corporation and others in and near 
mountain headwaters of Mojave River 


Elevation Length | Estimated 
Station above of 50-year 
sea level record mean 


Ash Meadows 

Big Bear Lake Daml/ 
Deep Creek 

Forks of Mojave 


Gate House in Little Bear Valley 
Grass Valley at Saw Mill 
Hesperia 2/ 


Holcomb Creek 
Morse'’s 
Squirrel Inn 
Bi ekoryilic c/ 





1/ In headwaters Santa Ana River. 
2/ In Mojave River Valley. 


Stream discharge. - The drainage of the mountain watershed of the 
Mojave River is brought together in the main river at the Forks. Al- 
though there have been no stream measurements made at this point, 
gaging stations have been maintained in the Hast Fork and West Fork 
just above the Forks and records are available for some years. These, 
together with precipitation and other stream-flow records, have been 
used by various engineers in estimating the flow of the river at the 
Forks before it enters the Valley Area. Table 29 is a comparison of 
some of these estimates. 


Some years show considerable differences, This is due primarily 
to the fact that in some instances the estimates are based on precipi- 
tation records, while in others stream-flow records from different 
watersheds are used as a basis, However, these differences tend to be 
smoothed out when a period of several years is considered. Estimates 
are bound to vary, and no particular excellence can be ascribed to any 
one method. Each basis used has its particular fault, There are 
large yearly variations in runoff for the same rainfall. The carry- 
over from underground storage from one year to the next is a factor. 
Estimates of runoff based on a very small watershed are not directly 
comparable, because of differing climatic characteristics, to those 
of a complete larger watershed. 


A comparison of the "Percent of mean annual discharge" of Mojave 
River (based on Finkle, Rowe, and Browning estimate) with that of the 
Santa Ana River (as measured by the United States Geological Survey) 
for the 20-year period 1902-03 to 1931-32 is given in Plate 2. For exam- 
ple, the mean annual discharges for the years of record are 68,200 acre-feet 
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TABLE 29. - Various estimates of annual discharge in acre-feet of the 
Mojave River below the Forks 


Ue Bs 
Arrowhead Geological 
Corporation 4/] Survey 


State Finkle, Rowe 


7: 





Engineer 1/| Browning 2/ 


1892-93 123,600 138,000 

1893-94 23,600 27,600 

1894-95 177,500 206 ,000 

1895-96 23,600 15,700 

1896-97 | 121,300 80,500 

1897-98 20, 200 15,600 27,040 

1898-99 14,600 5,000 13,878 

1899-90 23,600 114700 16,132 

1900-01 89 ,900 102 , 000 96,598 

1901-02 35,900 20,500 33,189 

1902-03 | 121,300 89 , 000 £07,315 

1903-04 27,000 22,900 28,232 

1904-05 | 104,900 2/ | 104,846 3/ 95,016 

1905-06 | 136,700 2/,| 133,778 2/, 135,220 135,000 
1906-07 255,100 OF nce 3a et, 254,317 255,000 
1907-08 | 58,900 | 60,396 2 60,776 58,600 
1908-09 89 ,600 af 96,046 pty 69,740 96,200 
1909-10 | 136,300 2 182,012 2/ 135,705 181 , 000 
1910-11 | 148,400 2 145,431 2 147,938 147,000 
1911-12 47,600 2 45,628 2 46,964 45 , 200 
1912-13 26 , 000 / 25,682 ey 26,350 25,900 
1913-14 | 170,400 = 154,060 <y 169,935 165,000 
1914-15 122,400 + 135, 863 S/ 122,636 135 ,000 
1915-16 196,600 234,911 F) 234,000 
1916-17 68,500 55,508 i; 54,800 
1917-18 60,700 be, ToL = 58,700 
1918-19 42,100 15,307 2/ 15,400 
1919-20 | 110,100 a9 234 2/ 89 , 400 
1920-21 73,000 51,048 3/ 52,400 


Pig20-21 | 73,000 | 51,048 2/ | 


(Table 29 continued on page 70.) 
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State Finkle, Rowe Arrowhead Geological 
Engineer 1/) Browning 2/ Corporation 4/ Survey 


344,117 5/ 
145,000 
43,500 §/ 
42,000 
85,000 
119 ,000 
30,000 
43,500 
31,410 
15,410 
09 he 


1933-34 





1/ California State Division of Engineering and Irrigation Bulletin No. 5, 
‘Plow in California Streams - Appendix A," 1923. 


2/ Season July 1 to June 30. 
3/ Califomia State Department of Ungineering Bulletin No. 5, “Report on the 
Utilization of Mojave River for Irrigation in Victor Valley, California," 


Ds 72, 1918. 


4/ Califomia State Division of Water Resources Bulletin No. 47, "Mojave River 
Investigation," 1934, Season October 1 to September 30. 


5/ Based on actual observations. 


_ &/ Corrected. 
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Tor the Santa Ana at Mentone and 98,500 acre-feet for the Mojave at the 
Forks. In the water year 1931-32 the diagram indicates the Mojave flowed 
just about its mean annual, i.e. 100 percent, while the Santa Ana flowed 
slightly less than its mean annual, about 95 percent. 


After reviewing the data available the authors have reached the con-=- 
clusion that the estimates made by the State Engineer's office are conser- 
vative; hence they are included in this report. The discharge records at 
the various gaging stations maintained by the Arrowhead Lake Corporation 
and the United States Geological Survey were used in estimating the average 
runoff for the 29-year period beginning 1905-06. Where “bs record covers 
more than 10 years these estimates are shown in Table 30.— 


TABLE 30. - Estimated mean annual discharge at stream gaging stations 
maintained by Arrowhead Lake Corporation and United States 
Geological Survey in mountain headwaters of Mojave River 


Length Estimated annual 
of record | mean discharge 
complete | for 29-year period 
seasons | beginning 1905-06 
Acre=feet 


Elevation 
Station above 
sea level 


Buck Creek above junction 
Crab Creek 

Cedar Creek 

Coxts Creek 

Crab Creek above junction 
Buck Creek 

Crab Creek below junction 
Buck Creek 

Deep Creek below Green 
Valley Creek 

Dry Creek 

East Fork Mojave River 

Fern Creek 

Grass Valley Creek 

Guernsey Creek 

Holcomb Creek 

Hook's Creek 

Huston Flat Creek 

Little Bear Creek 

Mill Creek 

Midway Creek 

Mojave River below Forks 

Pine Creek 

Rock Camp Creek 

Rocky Gulch 

Saddle Creek 

Shake Creek 

Sheep Creek 

West Fork Mojave River 
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OM NM FINW m0 NY OW WW ~D MY OP 


hr 





Lf The Geological Survey year is October to September, inclusive. The year 
adopted by Finkle, Rowe, and Browning is July to June, inclusive. 
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Stream Gaging Stations in Valley Area 


In addition to those in the mountain headwaters maintained by the 
Arrowhead Lake Corporation, the following permanent stations have been 
maintained in the valley: 


East Fork at Mouth 
Arrowhead Lake Corporation: Dec., 1904 to Sept.e, 1922, inc. 
U. S. Geological Survey: Jan., 1930 to date. 


West Fork at Mouth 
Arrowhead Lake Corporation: Dec., 1904 to June, 1922, inc, 
U. S. Geological Survey: Feb., 1930 to date. 


Mojave River at Upper Narrows (Victorville) 
.U. S. Geological Survey: Mar., 1899 to Dec,, 1906, inc. 


Dec., 1930 to date. 


Mojave River at Lower Narrows 
Arrowhead Lake Corporation: Dec., 1904 to Sept., 1915, inc. 


Mojave River at Point of Rocks 
Arrowhead Lake Corporation: Dec., 1908 to June, 1911, inc. 


Mojave River at Hodge 
U. S. Geological Survey: Oct,., 1930 to Sept., 1932, inc. 


Mo jave River at Barstow 
U. S. Geological Survey: Oct., 1930 to date. 


Mojave River at Afton 
U. S. Geological Survey: Jan., 1930 to Sept., 1932, inc. 


Besides measurements made at these regularly maintained gaging sta- 
tions, measurements were made by the United States Geological Survey on 
the same day once each week during 1931-32 when flood waters were not in 
the stream at Upper Narrows gaging station, Lower Narrows, Bryman, Helen- 
dale (just above Point of Rocks), Yild and Hodge gaging station. A few 
Measurements were made at some of these points and at other points prior 
and subsequent to 1932, Those of 1931-32 are used herein because of 
being most complete, . 


Complete daily and monthly records of discharges at stations and 
results of the isolated measurements are found in the Water Supply 
Papers of the United States Geological Survey. The monthly records of 
the Geological Survey and the Arrowhead Lake Corporation as published 
in Bulletin No, 47 are included in this report as Tables 31 to 38, in- 
elusive. The daily records of Arrowhead Lake Corporation are contained 
in a mimeographed publication of the State Division of Water Resources, 
These and the monthly records were calculated by the Division of Water 
Resources from original data furnished by the Corporation. 
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The West Fork and Hast Fork stations do not measure the entire 
mountain runoff as there are diversions above the “lest Fork station for 
irrigation in the mountain valleys and the diversion for the conduit 
leading to Hesperia above the Bast Fork station. Arrowhead Lake also 
loses water by evaporation and there is some irrigation around it. 
Prior to its development the floor of the lake was of a swampy nature 
so that evaporation from the lake is not entirely a new draft on the 
stream. When the recorded discharges of the two forks are added, the 
discharge of Mojave River at the mountain toe is the result. The esti- 
mates of mountain runoff herein used are from the recorded discharge. 


All these various records are useful in determining percolation 
in various areas, rising water at various points, consumptive use of 
the cultivated and natural vegetation along the river. The record at 
Afton gives the final waste past which any use of water for a general 
development is not possible. 


Water Losses 


Forks to Upper Narrows, - The stream flow at the Forks in normal 
years is lowest during the late summer and early fall months. When 
cool weather comes, the evapo-transpiration losses are less because of 
decreased temperatures and defoliation of the native vegetation, and the 
stream flow gradually increases. This stream flow is also augmented by 
light autum rains, As this flow passes the Forks, it is absorbed in 
the porous stream bed where it percolates downward to the underground 
water table and gradually replenishes the basin. As this basin is re- 
plenished, the water table rises until the basin is filled and the sur- 
face stream gradually increases in length below the Forks until usually 
it extends some two miles below the Forks before the winter floods begin. 


A very large proportion of the first flood flows is absorbed in 
the stream bed and a flow of over 500 second-feet at the Forks is needed 
for the surface flow to extend to the point of rising water above the 
Narrows. Even in the driest years the maximum depth to water at the 
upper end of the basin never exceeds 50 feet and gradually lessens as 
the point of rising water is approached downstream. -The first floods 
that occur lose a portion of their flow by a direct downward percolation 
of water, which, of course, is at the maximum rate of percolation. As 
soon as the water table in the basin is sufficiently elevated to come in 
contact with the surface stream, the rate of percolation diminishes. 


During the investigation by the State Division of ater Resources 
the water table stood at about 40 feet below the stream bed at a dis- 
tance of five miles below the Forks. After the flood of 1932 it had 
risen 25 feet, but fell 20 feet during the succeeding summer, From 
this point the depth gradually decreases upstream to the Forks and down- 
stream to a distance of about four miles above Upper Narrows where the 
water table intercepts the surface. Trees evidencing high water table 
are found in the river bottom extending six miles above the Upper Nar- 
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Discharge records show the loss in this section of the river. If 
this were corrected for change in underground storage the result would be 
the consumptive use, 


TABLE 39, -— Loss from the Forks to Upper Narrows 


Discharge Discharge 


at Forks at Upper Narrows LOGe OF Gain 


Acre-feet Acre-feet Acre-feet 


1904-05 105 ,3002/ 7,700 loss 


1930-31 15 ,400 6,300 gain 
L753 1~32 99,300 15,100 loss 
1932-33 22.500 1,400 gain 
1933-34 16,100 2 7,700 gain 
1934-352/ 51,900 25900 loss2/ 





1/ October to September, inclusive. 
2/ October and November estimated, 
3/ October to April, inclusive. 


Table 39 indicates a regimen typical of such underground basins. 
In the approximately normal years such as 1931-32 and 1904-05 following 
years of small run-off, the outflow is less than the recharge; and in 
low years the reverse is true. For the period October, 1930 to April, 
1935, inclusive, the average annual loss is 5,100 acre-feet. This 
amount undoubtedly would be less if the summer record for 1935 were 
available for inclusion in the average, as the rising water at the 
Upper Narrows during the summer months (when the flow at the Forks is_ 
usually low) will change the results. In addition to the surface out- 
flow measured at the Narrows there is draft caused by the consumptive 
use of vegetation, evaporation from the stream surface, and underflow. 
The latter is estimated by Slichter to be five-tenths second-foot. 


Upper Narrows to Lower Narrows. - The stream flows in a broad 
canyon-like valley in this section. Bottom lands support a heavy 
growth of trees and there is some irrigation. Springs appear along 
the west canyon wall but have not been measured, This flow is from 
the underground water resulting from percolation frcem minor streams 
west of Mojave River, probably to Sheep Creek. The increment can be 
estimated by the measurements made on the river flow in the dormant 
season when transpiration losses do not mask the inflow. 


The difference between the gain from springs and under-seepage 
and the average loss for the year represents transpiration and evapo- 
ration loss. This has been estimated (in State Bulletin No. 47) as a 
total of about 3,000 acre-feet, 
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Upper Narrows to Hodge. - Below the Upper Narrows the river flows 
in a narrow section to Hodge. Even during the driest years when no 
flow from the Forks reaches Victorville as surface flow, the rising water 
at the Upper Narrows is sufficient to recharge the basin to Hodge. The 
difference between discharges at gaging stations maintained by the United 
States Geological Survey at Upper Narrows (Victorville) and Hodge, for 
1930-31 and 1931-32, is shown in Table 40, 


TABLE 40, = Difference in flow Upper Narrows and Hodge 


Year * Upper Narrows Hodge Difference 


Acre-feet Acre-feet Acre-feet 


ee ee ee 


21, 7002/ 2,320 ~ 19,400 
84,200 59,500 . = 24,700 





1/ Small flows in October and November estimated. 


By estimating the flow at Hodge for other years, the difference in 
flow between Victorville and Hodge from 1929-30 to 1933-34 will average 
about 20,000 acre-feet per year. 


Hodge to Barstow. - Below Hodge the river passes over a broad 
absorption area before reaching Barstow. The loss between Hodge and 
Barstow represents absorption into the underground water basin supplying 
the Hinkley Valley and areasalong the river above Barstow. The loss, 
for 1930-31 and 1931-32, between gaging stations maintained at Hodge and 
at Barstow by the United States Geological Survey is shown in Table 41. 


TABLE 41. - Loss of water, Hodge to Barstow 


Barstow 


Acre-~feet Acre-feet Acre-feet 


1930-31 2,320 0 2,320 
1931-32 59,500 40,300 19, 200 





The loss is almost all percolation into the stream bed. The water 


table at the deepest point, about nine miles above Barstow, was 25 feet 
below the surface. Actual loss in the year is zreater than that shown 
in the table for 1930-31 and less for 1931-32, as storage in the basin 
decreased in 1930-31 and increased in 1941-32, 
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If the water table in this area were lowered to a greater depth it 
would produce a larger absorptive capacity since a very large flood is not 
required to raise the water table to a point of contact with a surface 
stream, thus decreasing the absorption losses, 


Barstow to Afton. - At Afton there is always a small flow caused by 
the overflow from the basin above it and below Forks-of-the-Road Fault. 
In 1931-32 a surface stream forced its way from Barstow to Afton. During 
that year the stream flowed at Barstow from February 9 to May 10, inclusive, 
giving a total discharge of 40,300 acre-feet. The flood water ceased to 
flow at Afton about March 8, and the discharge of flood water during that 
period, after deduction of normal rising water, is estimated at 7,000 acre- 
feet. Of this, about 1,000 acre-feet was evidently from a local storm, as 
the discharge at Afton rose from 16 second-feet on February 16 to 274 second- 
feet on February 18, with a rise of only 68 second-feet at Barstow. 


Forks to Afton. - During the period October, 1931 to September, 1932, 
inclusive, the United States Geological Survey made complete measurements of 
the Mojave at various stations along the river. Most of these records are 
summarized by months in Table 42, which indicates the amount of absorption 
in the different basins from the Forks to Afton. However, in analyzing 
these results it should be remembered that the year 1931-32 was preceded by 
a series of dry years. After a series of wet years the apparent loss in 
some basins would have been less. Conkling and Gleason comment on the 
losses between the Forks and Afton as follows:2/ 


"The total discharge from the mountains plus increments below minus 
flow at Afton gives the loss each years As the only record of flood flow 
past Afton is in 1931-32, that year's record is the only one indicative of 
the total loss in the stream system. Increments other than springs from 
Upper Narrows to Bryman are probably negligible. 


“Loss of Water Mountains to Afton 1931-32 


Acre-feet Acre-feet 
Inflow ———— 
Discharge at Forks sscescnvctseaces 997,300 


Inflow from SPrinGS eecvesscccscces 7, 000 
Flood originating below mountains.. 1,000 107 , 300 


Discharge at Afton } pee a6 6) 6 67S) 8-86 o Se ede ES Oe eee av Oe 2 7, 900 
Transpired, evaporated or stored underground ...+- 99,400 


"Using round figures it may be said that 100,000 acre-feet was lost 
by evaporation and transpiration or stored underground in 1931-32. This 
is the same as the discharge in that year from the mountain headwaters. 


"The water stored was not lost during that year although it may be 
lost in subsequent years. The loss or use is the water evaporated and 
transpired by the native vegetation in areas of high water table, by the 
irrigated land and by the towns and railroads. The water table was 
Slightly higher in the fall of 1932 than in the fall of 1931 and thus 
permanent or over year storage took place. If several wet seasons oC- 
curred in succession the water table would eradually rise above the 
level of fall, 1932, to a point where rising water outflows would bal- 
ance the input. The water table slopes away from the river to the north 


T/ State Bulletin No. 47, p. 60. 
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below Hodge and to the northeast below Daggett and it is conceivable that 
the additional rising water might appear not only in the river but at 
points north of it, but no record of wet spots of magnitude to the north 
is found except Harper Lake to which underflow from Mojave River must be 
small, as the underground outlet to the lake is very constricted. Harper 
Lake was dry during the period of investigation. Below Forks-of-the Road 
Fault an ancient lake existed. Its exact boundary is not known but its 
western end is thought to hava extended almost to the fault and the lake 
bed formation would militate against rapid underground flow from the river. 


"Because the water table slopes away from the river and because 
there is such a large amount of native vegetation along the channel, both 
of which would lower the water table at the river during the growing sea- 
son when the stream is dry, there would always be space after the growing 
season into which the floods could percolate, It is believed, however, 
if the discharge of 1931-32 had occurred after a series of wet years 
instead of a series of dry years, that because of the higher water table 
the apparent loss above Afton would have been less." 


Underground Water 


Several governmental agencies, the Arrowhead Lake Corporation, and 
consulting engineers have made well measurements in connection with under- 
ground water studies in Mojave Valley at various times. Most of these 
data are reproduced in the Appendix of State Bulletin No, 47. However, 
the authors were able to obtain later well records through the courtesy 
of the United States Geological Survey, 


The Division of Irrigation, United States Department of Agriculture, 
in cooperation with the County of San Bernardino and State of California, 
in 1917 made a survey of wells and pumping plants of the Upper Mojave 
Valley to determine location, depth to water, and the extent to which 
pumping can be relied upon for the reclamation of the land, Levels were 
run to establish the elevation of the water in the wells and for the 
platting of hydrographic cohtours from which to make deductions concerning 
the slope and direction of movement of the underground water. The results 
are reported in detail in State Bulletin No. 5s 


In 1916 and 1920 the United States Geological Survey collected data 
on wells in the Mojave River Basin, The records are published in Water 
Supply Paper 578. Since 1929 the Geological Survey, in cooperation with 
the State Division of Water Resources, has been making measurements of 
depth to water in wells throughout the valley. The results up to the 
year 1934 are reported in State Bulletin No. 47. 


Water table. - Contours of the water table as of fall, 1930 are 
shown on Plates 5-A, 5-B, and 5-0 in Appendix for the area in which ele- 
vations of ground surface or measuring point at the wells were secured 
during the investigation by the state Division of Water Resources. In 
addition, water table contours from the mountains north to Dry Lake and 
extending about 20 miles west of Victorville are shown on map in Bulletin 5, 


Department of Engineering, State of California. 
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"Under the mesa west of Victorville the water table slopes to the 

northeast and apparently there might be underflow into the river from 

the west from about four miles south of Victorville to Bryman, nine miles 
north of Victorville and even further. The water table continues to slope 
to the northeast but the river gradually swings to the east and about five 
miles above Barstow is flowing almost due east. For a distance above this 
the underground water is moving away from the river under the Hinkley 
Valley and is maintained by seepage from the river. 


"From about five miles above Barstow the direction of movement of 
the underground water is the same as that of the river. At Barstow the 
stream turns to the southeast and at Daggett to the northeast, but the 
underflow continues practically straight east. Apparently water goes 
through the Forks-of-the Road Fault, and on the south side of the valley 
from Newberry to Dry Lake the slope is almost in the same direction as 
the Santa Fe Railroad. Below and near the fault, however, the slope is 


at right angles to the fault, probably because the underflow is dammed 


back by the fault but trickles through it into more porous material, as 
seems probable by the steep slope of the water table below the fault. 


"For several miles below the fault the slope of the water table 
is at right angles to the fault but gradually the slope swings to the 
north and has a much more northerly direction than the stream. 


On the east side of the stream below where it enters the plains, 
and on the south in the vicinity of Barstow where the stream is flowing 
easterly, the water table slopes toward it. However, the watershed is 
small and the contribution is negligible below Victorville although 
possibly of sensible proportions for a short distance above. 


“Area of influence of Mojave River. - The approximate estimated 
boundary is shown on key map (Plate I). The area included totals 333 
square miles. ‘The boundary is deduced from water table contours, geology, 
and topography. Presumably the constricted underground channels north of 
Hinkley Valley would restrict movement of water toward Harper Lake from 
Hinkley Valley so that even if greater pumping draft were made north of 
Hinkley Valley the amount of water passing out of it to the north would 
be small, The aquifers from the river to Hinkley Valley are apparently 
very porous. 


"The formation conveying water from the river into and under the 
Newberry-Dry Lake area would not, it is believed, transmit water from 
the stream as freely as is possible to Hinkley Valley, and as the water 
reaching the Newberry-Dry Lake area from the river is that which has 
percolated to the south side below Barstow and above Forks-of-the Road 
Fault and must pass through the fault to reach the area, it is believed 
that its flow would be so impeded by the fault as to cause serious ques- 
tion whether a large amount could enter the area from that direction even 
were the water table lowered greatly in the area. Below the fault the 
lake bed formations which begin at some not definitely located point 
would also impede movement of water into the area from the river although 
it might freely i eb, below ‘the fault to the point where the lake bed 
formation begins." if 


1/ State Bulletin No, 47. 
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Fluctuations of water table. - The locations of wells in Mojave 
Valley are shown on Plates 5A, 5B, and 5C. Records of water levels in 
typical wells along the river are shown in Appendix Tables B to D. Com- 
parison of water table elevation for any long period of time is rather 
difficult because of paucity of records. Large seasonal fluctuations in 
water table are found for many of the wells near the river due to perco- 
lation from the river when in flood and rapid equalization of the water 
table as the water near the river moves laterally away from it or drains 
out of the basin. The records indicate in general a recession since 1917, 
which would be expected since the runoff has been subnormal. Changes in 
water levels in typical wells in the Mojave Valley from the Forks to the 
lower part of the valley are shovm in Table 43. For the most part these 
changes are based on winter records as the observations made in the spring 
' and fall are too meager. 


The maximum drop in water level in the Upper Mojave Valley is indi- 
cated to be just below the Forks, The water level in Well No. U-l dropped 
13.4 feet from January, 1923 to January, 1935, or 1.12 feet per year. 
However, from December, 1929 to January, 1935 there was a rise of 2.9 feet, 
or 0.48 foot per year, This well is apparently in the older alluvium 
which comprises the saddle at the West Fork damsite. The lowering was 
less in other localities, while in several instances the 1945 records 
indicate that there has been a rise in the water table in the past five 
years. Wells like No. U-13 which are located in the modern alluvium of 
the flood plain of Mojave River respond more quickly to flood flows than 
wells in the older alluvium, 


The available records of wells indicate that there is no general 
lowering of the water table in the Middle Mojave Valley adjacent to the 
river. However, there has been a drop in Hinkley Valley ranging from 
about 0.2 foot to 0,9 foot per year, in recent years. Conkling and 
Gleason indicate that there has been a general recession of about five 
feet in this area from 1919 to 1931. 


In the Lower Mojave Valley below Barstow the available records 
indicate that there has been a general recession of the water table in 
most sections, the greatest drop in water level being in the vicinity 
of Daggett. 
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TABLE 43. - Changes in water levels in typical wells in Mojave Valley 


YWell + : > Depth : : > Depth ‘Drop in water 
Location > num- ‘Month:Year: to ‘Month :Year: to : level 





: ber : : ‘water 1/: ‘water 1/: Total * Yearly 


Feet Feet Feet Feet 


Upper Mojave Valley 


1 mi. below Forks U-1 Jan..1923, 68.6 Jane 1935... 82.0 13.4 Lele 
Dec. 1929 84.9 Jan. 1935 82.0 2.9 2/ 0.48 

44 mi. below Forks U- 9 Nat, 29.7 92e0 APYs LISS Flex 6.4 0.36 
Jan. 1930 45.6 Wifis 1955), 4460 1.4 0.28 

Hesperia Crossing U-l3 Jan. 1905 39.6 Jan. 1935 38.5 1.1 2/ 0.04 
(5 mi. below Forks) Mar. 1930 39.4 Jan. 1935 38.6 C8 2 Cae 
Mey 1950 24.7 May 1935 270 To7 2/ 1e54 

6 mi. east Hesperia U-17 Jat, LISD 25557 Jans 194507 252.5 2.9 0.58 
May 1931 256.6 May 1935 255.3 1.3°2/ 0.33 

| Verde Crossing U-72 Apr. 1917 4.0 May 1935 Le pe 0.08 
(9 mi. below Forks) Apr. 1930 6.6 May 1935 5.5 lalgy Oyee 
East of Verde U-43 Feb. 1917 1.5 Jans, 2935. S7s4 Le | 0,53 
Crossing Jans Lome 5h55 ian. 195k, Sas dae 0.22 


3 mi. east Victor- U-57 Feb. 1917 98.0 Webs 1935.. 10745 9.5 
ville (Mesa) Feb. 1923 104.2 Feb, 1935 107.5 343 0.28 
Jan. 1930 106.7 Wet. 1955 LOps5 0.8 


1 mi. east Victor- U-59 ay 1931 55.8 May 1935 55.4 0.4 2/ 0.10 2 


ville 
Middle Mojave Valley 
Oro Grande M- 3 Dec. 19230 15.35 Jans 1935 18.4 Olgas 0.03 
| Southwest Helendale M-15 Dec. 1930 15.0 Jan. 1935 15.0 0 0 
| Hodge M-40 Jan. 1919 15.1 Jans 1935). 29? 0.8 0.05 
Jan. 1930 16.5 Jan. 1955 16.9 0.4 0.08 


2mi. north Hodge M-51 Feb, 1931 6.7 Feb. 1935 Get, ‘Oe of Geld 


14 mi. north Hodge M-52 Web. 1931. 91.4 Fob« 1935. Flsd O.1 2/ 0.03 


3 mi. northeast M-57A Mar. 1931 18.5 Yoo. 1935 ed 0.6 0.15 
Hodge Mar. 1931 18.5 fy D936 Got, Ui Bf 2,18 
4 mi. northeast M-564 Mar. 1931 24.4 Apr. 1935 18.3 bit BF) Lede 2 
Hodge 
6 0.15 
3 mi. northeast M-57A Mar. 1931 18.5 Feo. 1935 Leet. 0; 4 
| Hodge Mar. 1931 18.5 Apr. 1935 th Wasl 2f 2eT8 BA 
| 





(Table 43 is continued on page 87.) 
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TABLE 43 Continued. 









: Well! : * Depth ° ; * Depth ‘Drop in water 
Location * num-* Month ‘Year> to ‘Month ‘Year : oO. level 
> ber ‘water 1/ ; ‘water 1/ ‘Total * Yearly 









e 
- . 
MA * 


(Middle Mojave Valley - Contd.) Feet . Feet Feet Feet 

1é mi. east Hinkley M-71 Mar. 1932 28.0 Mar. 1935 30.7 fs 0.90 

4 mi. southeast M~74 Dec. 1930 20.8 Jan. 1935 21,6 0.8 0.20 
Hinkley 

4 mi. east Hinkley M-75 Apr. 1930. 63.2 Mar. 1935 66.2 3.0 0.60 

44 mi. north M-66 May 1930 29.5 Mar. 1935 30.5 Lee 0.20 
Hinkley 

Barstow M-86 Dec. 1930 13.4 Jan, 1935 13.2 0.2 2/ 0.05 2 


Lower Mojave Valley 


3 mi. southeast M-92 May 1930 9.9 May 1935 10.9 120 0.20 
Barstow 
2 mi. west Daggett L- 1 May 1927 10.3 Apr. 1932 11.4 1.1 0.22 
Jan. 1930 29.6 Jans 1935 29.9 0.3 0.05 
May 1930 30.8 May 1925 31.4 0.6 0.12 
1 mi. east Daggett L-42 Webs 1927 (74.2 Jans A995 Jen 5.0 0.62 
May 1930 75.2 May 1935 80.3 51 1,02 
4 mi. east Daggett L-63 Mar. 1926 50.3 Mare 1932 58.5 8.2 1.36 
Jan. 1931...58.2 Jans 1935. 60.7 265 0.62 
2 mi. northeast L-68A Feb. 1930 21.1 Feb. 1934 20.8 0.3 2/ 0.08 2 
Minneola Feb. 1930 ° 21.1 Jan. 1935 2145 0.4 0.08 
24 mi. northwest L-16A May 1922 Flowing Apr. 1932 2.0 aes a 
Newberry Jan, 193. .. 158 Jan, 1935 346 128 0.45 
Northeast Newberry L-19 May 1922 29.2 Apr. 1932 2845 0.7 2/ 0.07 2/ 
Feb. 1930 28.2 Jany* 29355 2964 Eee 0.24 


Southeast of NewberryL-20 Apr. 1930 Flowing Jan. 1935 Flowing -- -- 


4 mi. east Yermo L-52 Feb. 1930 5.5 Jan. 1935 667 162 0.24 
(above Fault) May 1930 6.3 Apr. 1932 6.2 O.1 2/ 0.05 2/| 
|} 4 mi. east Yermo TS] Tans’ “1932 2950 Jaie Loa7 ele? 2.9 Owl 
| (below Fault) May 1930 16.5 Apr. 1932 16.7 O72 0.10 | 
24 mi. south 1-78 Mar, 1930 8.2 Jans. “1935 “9st 0.9 0.18 


Harvard 


1/ Below reference point. 
2/ Rise. 
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PRESENT AND PROPOSED DEVELOPMENTS 


To be considered in any plan of development involving Mo jave River, 
whether in its own valley or elsewhere, are both the surface and subsurface 
water supplies, their present uses, and the possibilities of their improve- 
ment and extension. 


Surface Vater Supply of Mojave River 


The average annual discharge of the Mojave River from the mountains 
through the main river and the increment from ground-water flow below 
Victorville in the 29-year period beginning 1905 are together estimated 
by Conkling and Gleason to approximate 97,000 acre-feet. During the period 
of rainfall records, which started in the mountains in 1883-84, there have 
been periods of 10 and 12 years of very subnormal rainfall during which the 
run-off from the mountains averaged a little more than 50 percent of the 
29-year average. 


The estimated water supply, of the river for different periods in 
the past is shown in Table a4, Lf 


TABLE 44, — Average annual water estimated to have been 
available in Mojave River 


Inflow 

Period Mountain from 
; 1/ 
discharge s— 
Acre-feet Acre-feet Acre-feet 


1883-84 to 1894-95 219,000 7,000 226,000 


1895-96 to 1904-05 42,000 7,000 49,000 
1905-06 to 1921-22 122,000 7,000 129,000 
1922-23 to 1933-34 46,000 7,000 53,000 
1905-06 to 1933-34 90, 000 7, 000 97,000 





ay The estimate for 1931-32 is used for all periods as the distance from 
the area where these waters get underground to the river is considerable 
and cyclic variations would be more or less obliterated. 


Consumptive Use of ater 
The inflow of water into any particular area under consideration 
is disposed of by domestic and industrial uses, by evaporation, by con- 


sumptive use (evapo-transpiration) of agricultural crops and native 
vegetation, by storage underground, and by flow out of the area. 


1/ State Bulletin Now 47. 
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Domestic and industrial. - The consumptive use for the:towns, rail- 
roads, and industries has been roughly estimated by Conkling as 1,100 
acre-feet per annum, divided as follows: Forks to Barstow 400 acre-feet; 
Barstow to Afton 700 acre-feet. 


Agricultural crops. ~ It is believed that about 90 percent of the 
area now irrigated is in alfalfa, with the remainder in orchard, vegetables, 
and field crops. The State Division of ‘ater Resources estimated that in 
1929 about 80 percent of the cropped area was in alfalfa. The aerial sur- 
vey made at that time indicated that there were 6,019 acres of irrigated 
land drawing water from the Mojave River below the Forks, either by gravity 
diversion and pumping along the river bottoms, or by pumping in Hinkley 
Valley to which water from the river moves underground. This does not 
include lands irrigated around Hesperia by gravity diversion above the 
Forks or the area away from the river around Adelanto supplied by pumping. 
The United States Census of 1935 shows 6,533 acres of irrigated land, for 
Mojave Valley townships (see Table 10). However, this figure includes 
Adelanto, Lucerne Valley, and other scattered areas, It is believed that 
6,000 acres is a conservatively estimated area of irrigated land dependent 
upon Mojave River. 


A spot survey by the authors indicated that from 6 to 9 acre-feet 
of water per acre per year are applied to alfalfa lands, or an average of 
about 7.5 acre-feet. Assuming an irrigation efficiency of 50 percent, 
3.75 acre-feet would be available for crop use, while the remainder would 
return to the underwround water supply. However, the consumptive use for 
other crops would be less, since smaller amounts of water are applied to 
them; hence it is believed that the average annual consumptive use by 
agricultural crops now being irrigated will not exceed 3 acre-feet per 
acre. This value is used in estimating the consumptive use of water in 
various areas as shown in Table 45. 


‘TABLE 45, - Estimated area irrigated and use of water in 
Mojave Valley dependent on Mojave River 


Maximum 
consumptive 
use 


Area 
(Pe teateal/ 


Forks to Victorville 
(Upper Narrows) 


Victorville to Hodge 
Hodge to ate diene! 


Barstow to Afton 





1/ Estimated from United States Census of 1935 and State Survey of 1929. 
Lucerne Valley and scattered areas away from river are not included. 


2/ Including Hinkley Valley. 


1/ State Bulletin No. 47. 
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Referring again to the area distribution shown by the 1935 Federal 
Census, Table 10 indicates that there is 17,000 acres of land available 
for crops in farms now being operated along the Mojave River and in out- 

* me sections. The authors assume that this includes the areas irrigated 
n 1934, 


It is estimated somewhat arbitrarily that about 15,000 acres of the 
total 17,000 acres, if irrigated at all, would be dependent upon the river 
for a water supply, or more than 9,000 acres in excess of the present 
irrigated total. 


Further examination of the table shows, however, that the "available" 
acreage (above the present) is more or less approximately the "idle or 
fallow" crop land. More than half of this surplus is shown for Victor 
township, while most of the remainder is in Oro Grande and Barstow town- 
ships. The combined surplus in the two latter townships is slightly less 
than the area irrigated and cropped in 1934, while the Victor township 
surplus is nearly three times the cropped area. 


Supporting their field inspection of the valley with a close examin- 
ation of the aerial photographs upon which the Appendix maps were based, 
the authors have considered the probability that these surplus acreages 
will actually be brought into the area of "crops harvested." The prospect 
as regards Oro Grande and Barstow townships appears entirely possible if 
economic conditions generally affecting the valley should show substantial 
improvement. In other words, surplus areas of that total extent having 
soil of fair quality appear to exist in the farms now operated, without 
consideration of areas not farmed at present. 


With regard to Victor township, however, the situation is somewhat 
different. This township includes much of the Apple Valley area in which 
the early orchard development already described took place, and it appears 
likely that a substantial proportion of the area listed as "idle or fallow" 
is land that has been cropped but is now idle because of excessive pumping 
lifts or other present insupportable economic burdens. Much of it might 
come back into crops of one sort or another in some extensive development 
involving gravity distribution of water, but its return to production by 
individual effort is certainly not in early prospect. The authors consider 
that here, as in the sections lower downstream, a doubling of the cropped 
area of farms now operated may reasonably be anticipated, but not its 
doubling twice over. 


Therefore, assuming that 6,000 acres of the “idle or fallow" land 
might be expected to have or acquire the position of a legitimate claimant 
to water, and that the net consumptive use would be as shown in Table 45, 
the amount of water demanded by the present farms would be double that now 
used unless more efficient irrigation practice should become general. AS 
to the latter possibility the authors refer again to the discussion under 
the heading "Water Requirements of Irrigated Crops" and reiterate their 
opinion that a more economical application duty is possible and should be 
attained. The figures (in Table 45) for consumptive use likewise might 
be lowered, although not proportionately. The estimates shown are admit- 
tedly conservative, but in the absence of definitely determined allowances, 
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the authors are unwilling to compute probable future water consumption on 
any other basis. 


Native vegetation, - Along the Mojave River there are moist areas 
where the noneconomic use of water by natural vegetation is considerable. 
In areas of high water table native vegetation is growing luxuriantly. 

A study by the Bureau of Agricultural Engineering at Victorville from 

1931 to 1933 indicated that the mean annual lass from a tule tank which 
Teplicated swamp conditions was 78.45 antes a! The mean annual evapora- 
tion from a lake surface was estimated as 58 inches. The mean annual 
consumptive use for the entire moist area would undoubtedly be appreciably 
less than the value of 78 acre-inches per acre per year determined for the 
tule swamp areas. Investigations in Santa Ana Basin indicated that willows 
consume around 48 inches of water annually. A study in 1929 by the State 
disclosed that 7,800 acres of tules, willows, cottonwoods, etc., were grow- 
ing along the river from the Forks to Cady Mountain. 2/ Probably more than 
twice as much water is being consumed thereby as by all the domestic, 
industrial, and agricultural uses in the valley. However, the average 
annual use of water by native vegetation along Mojave River probably will 
not exceed 5 acre-feet per acr¢. Using this value, it is estimated that 
the use of water by native vegetation growing in moist areas is around 
39,000 acre-feet per year. 


No attempt has been made by the authors to estimate the area of 
native vegetation growing in different sections of the valley. However, 
Conkling has estimated the total consumption above Victorville Narrows 
for all purposes to be 13,000 acre-feet based on United States Geological 
Survey stream-flow records for 1932-33 and 1933-34. Estimates based on 
earlier records give a little lower value. Assuming 11,000 acre-feet as 
a fair approximation, subtraction of the agricultural and domestic use 
from the total consumption indicates that the use of water by native 
vegetation in the Upper Mojave Valley (between the Forks and Victorville) 
is around 7,000 acre-feet, This leaves 32,000 acre-feet of consumptive 
use below Victorville to be divided between the Middle and Lower Mojave 
valleys. Conkling has estimated the non-beneficial consumption in the 
Lower Valley from Barstow to Afton as 14,000 acre-feet. Using this as a 
basis, it is estimated that the use by native vegetation in the Middle 
Valley from Victorville to Barstow would be 18,000 acre-feet annually. 


Surface Reservoirs 


Possible reservoirs on the Mojave River except that immediately 
above Victorville are in the mountain headwaters. Their locations are 
ghown on Plate I and on Plate 5-A in Appendix. Descriptions follow: 


Victor reservoir site. - The dam site is in solid a rs It 
was drilled in 1899 by the United States Geological Survey 2 Maximum 


Bendy yee ee 
1/ California State Department of Public Works, Division of Water Re- 
sources, Bulletin No. 44, "Water Losses Under Natural Conditions from 

Wet Areas in Southern California, 1933," by Harry F,. Blaney, Colin A. 

Taylor, A. A. Young, and Harry G. Nickle, 1933. 

2/ State Bulletin No. 47. 

ae Bighteenth and Twenty-first Annual Reports of the United States 


Geological Survey. 
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depth to bedrock is 46 feet, The gorge is 140 feet wide at stream bed 
and at 145 feet above the stream is 350 feet wide. A considerable por- 
tion of the site is moist land caused by the rising water from the Victor 
Basin. Of the area beneath the highest flow line 760 acres were in crop 
in 1929. A little over two miles of the main line of the Santa Fe Rail- 
road passes through the lower end, 





Forks reservoir site. - This is situated on West Fork just above 
the Forks. The site lies along the contact of the valley alluvium with 
the granites of the mountains. The stream has cut its way through a spur 
from the mountains and this forms the dam site. Tait states in Bulletin 5: 


" senccese Lt was the original plan of the Mojave River 
Irrigation District to acquire and develop this site to impound 
the flood discharge of the West Fork and to store, by diversion, 
that in the lower part of the East Fork and to convey the water 
by gravity to the east mesa. The district, however, did not 
make known definite design, if any was decided upon, for the 
improvement of the site. 


"The Arrowhead Company has proposed a dam at the Fork site 
150 feet high which would give a capacity of 102,000 acre-feet 
for storing both Zast and West Fork flood waters. Borings made 
by the company at the dam site show bedrock to be at a maximum 
depth of 18 feet below stream bed. The natural rim of the basin 
at one point is only 110 feet above the stream channel at the 
dam site and the plans include the necessary raising of this 
bank 50 feet to give the desired capacity. The bank is here 
merely a narrow remnant of detrital deposit between the channel 
of the West Fork and the channel of the main river at a lower 
elevation than the West Fork. The peculiar topography of this 
locality can be best understood by reference to the map. The 
only foundation for a dam to raise the bank, as shown by exca- 
vations made by the company, is a layer of hardpan at a depth of 
15 feet below the crest of the rin. 


"foderate leakage, provided the water reappeared as sur- 
face flow in the river, might not be a sufficient reason for 
condemning the site, for the water lost would help satisfy the 
owners of riparian lands and the appropriators on the stream 
below, but excessive leakage would impair the value of the 
reservoir." 


Conkling and Gleason state in Bulletin No. 47: 


"The Mojave plain slopes northward away from the dam site 
and the rim is only 100 feet above the stream channel at a saddle 
northeast of the dam site, necessitating an auxiliary embankment 
if water surface in the reservoir should be raised above that 


elevation. 


"From the saddle the terrain drops 120 feet in about 600 feet 
to Mojave River bottoms. The question of percolation through this 
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‘ alluvial ridge was considered by a board of engineerst/ which con- 
cluded as follows: 


'The results of field examinations, laboratory tests, and 

| theoretical computations of the probable ground-water flow 

through the saddle on the northern rim of the West Fork reser- 
voir site, lead to the conclusion that it is a satisfactory 
foundation upon which to construct an earthen fill dam to in- 
pound water to an elevation of 3140 feet as proposed by your 
engineers. 


‘There will be a large rate of absorption through the sides 
and bed of the reservoir during the early period of its use, 
which probably will diminish from year to year, as the reser- 
voir becomes silted up and as the ground water levels assume 
flatter gradients. Fortunately, the years of greater loss by 
absorption will be those of relatively smaller demand. We do 
not believe that the permanent loss by absorption will be suffi- 
cient to materially impair the value of the reservoir site.‘" 


This is the site proposed to be utilized in the projected trans- 
mountain diversion to Santa Ana Basin. 


{ In a conversation with the authors, J. B. Lippincott, Consulting 
Engineer, who had reported on the feasibility of this site for Mojave 

River Irrigation District in 1923, expressed the opinion that the site 

7 should have further careful exploratory examination before construction 


of a dam were undertaken, 


West Fork reservoir site No. 2. - This was surveyed by the Mojave 
| River Commissione/ and a geological report was made but no exploration of 
{ the dam site was done, The dam site is in good granite. The cross sec- 
} tion shows a width of about 600 feet at stream bed and 990 feet at 130 
feet above stream bed. 


f West Fork reservoir site No. 3. - This was also surveyed by the 
. Commission. No exploration work was done at the dam site, but it is in 
good granite. The cross section of the site shows a width of about 750 
feet at the bottom and 1,075 feet at 130 feet above bottom. 


Deep Creek reservoir site. - Dam proposed by Arrowhead Corporation 
was to be 150 feet high above stream bed, giving 2,000 acre-feet of stor- 
age. It was proposed as part of the diversion system from creeks east of 
Arrowhead Lake to the lake. 





Li Permeability of the Northern Bank of the West Fork Reservoir Site," 
by J. Ae Quimton, Charles Bradshaw and J. B. Lippincott. Unpublished 
report, 1923. 

; 2/ State Bulletin No. 5. 
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Grass Valley reservoir site. ~- Dam proposed by Arrowhead Corpora- 
tion was to be 90 feet high above stream bed, giving 7,600 acre-feet of 
storage. It was proposed as a regulator of Grass Valley Creek west of 
Lake Arrowhead to which it would be diverted. 


Holcomb Creek reservoir site. - Dam proposed by Arrowhead Corpora-= 
tion was to be 70 feet high above stream bed, giving 1,000 acre-feet of 
storage. It was proposed to divert Holcomb Creek to Lake Arrowhead. 


The surveyed capacity of known reservoir sites and estimated 
average annual discharges are shown in Table 46. Further studies are 
necessary to determine whether the water available would justify the 
capacities to which surveys have been made at the various reservoir 
sites or whether larger capacities are justified if found feasible. 


TABLE 46, — Surveyed capacity reservoir sites and 
estimated average annual ai scharges/ 


Average annual river 


Hlevation ai scharge at site 


water surface Surveyed 
above capacity 
stream bed 


Acre-feet Acre-feet Acre-feet 


: 00 
Victor 350,000 ee 0), 52/ 


Forks 113,500 25,00 57,00 
17,0002/ 33, 3002/ 

West Fork No, 2 34,800 12,400 24, 300 
West Fork No. 3 - 30,000 11,800 23,200 
Grass Valley 7,600 108 2,600 
Deep Creek 2, 000 be wcnege oe: 15,700 
Holcomb Creek 1,000 3,700 8 , 000 
Arrowhead 4/ 60,1002/ 3,840 8 400 


i" 54, 0008/ 





1/ State Bulletins No. 5 and No. 47. 4/ 80 percent completed. 
2/ Bast Fork 5/ Projected 
3/ West Fork 6/ Present 


Underground Reservoirs 


Along the Mojave from the Forks to Afton there is, as previously 
indicated, a series of underground reservoirs. The stream channel and 
bottom lands are of sand and gravel and receptive of water. Where the 
water table is not at the surface the stream percolates into its bed 
to appear as rising water lower down, regulated by these underground 
basins. Cyclic storage offered by these areas is a ereat asset to the 
development of Mojave Valley. Surplus waters during wet years is 
carried over as underground storage for use in dry periods. Thus far 
this cyclic storage has not been fully utilized. 
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Estimates of capacity of the underground basins made by Conkling 
are shown in Table 47. 


TABLE 47. = Estimated Capacity of Underground Basins, Mojave Valley 












Feet below ground surface 


Acre-feet Acre-feet Acre-feet 





District 







200 
Acre-feet 





















































































Forks to Victorville 90, 000 220,000 410,000 670, 000 
Victorville to Hodge 160, 000 320,000 480 , 000 640, 000 
Hodge to Barstow, including 
Hinkley Valley 290,000 590,000 900,000 }1, 200,000 
Total above Barstow 540,000 }1,130,000 }1,790,000 | 2,510,000 
Barstow to Daggett 50,000 110, 000 160, 000 220,000 
Daggett to Fault 150,000 360,000 560,000 770, 000 
Total below Barstow 200 , 000 470,000 720, 000 990,000 





Note: Voids on which this is based are 18 percent in river wash and 
8 percent in old alluvium above Victorville, 15 percent Victorville 
to Forks of-the-Road Fault below Barstow and 11 percent below the 
Fault. 


In discussing the utilization of the river Conkling points out that: 


"There is no existing problem in Mohave River Basin of failing 
underground water supplies. On the contrary, after a period of many 
years of subnormal runoff the water table has fallen only slightly 
and native vegetation due to high water table is growing luxuriantly 
on many thousands of acres. Probably more than twice as much water 
is being consumed thereby as by all the beneficial uses in the valley. 
There were 6,000 acres irrigated in 1929 by water supplied from the 
river. Many thousand additional acres above Victorville, between 
Victorville and Barstow, and in Hinkley Valley are underlain by 
water supplied from the river. . The water table is close to the sur- 
face under these areas and good wells are readily drilled. 


"The obvious method of development would be by individual wells 


in these areas. It is a method which has been duplicated in many 
valleys in California. The results of such development would be: 


"], A drop in the water table. 
"oO, A decrease in the area of native vegetation, because the 


water table would not be high enough to support it, thus 
setting water free for beneficial use. 
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"3. Greater opportunity for floods to percolate into the 
streambed because of lowered water table and thus a 
decrease in the waste of floods past Afton. With the 
physical conditions along the Mojave and the very 
porous material in the streambeds, if the water table 
Were lowered sufficiently from the Forks to Barstow and 
Spreading done, the result might be practically complete 
salvage of flood waste, 





"4, If sufficient area either overlying the river underflow 
or outside of this area were irrigated by pumping, over- 
draft might result with ultimate necessary decrease to the 
draft which could be sustained. 


"An apparently obvious method by which the present use of water 
by native vegetation in the river bottom could be changed to benefi- 
cial use, would be to cut the cottonwoods, etc., in the bottom lands 
and substitute cultivated crops, just as already has been done in part. 
If the estimates of present consumptive use are near the actual facts 
and the native vegetation is using as much or more water per acre than 
is used by cultivated crops, this would not upset the regimen of the 
stream," 


The results of a diversion to the Santa Ana Basin or development of 
additional acreage in the Mojave Valley would, if extensive, bring about a 
Considerable change in the regimen of the river. In connection with an 
additional development, it is pointed out in Bulletin No. 47: 


"..,... If a greater draft were made on the Victor Basin the 
water table in dry years would be lowered, it would intercept the 
streambed farther downstream, rising water would decrease, the 
irrigated area now watered by gravity canals would be forced to 
pump to secure a supply in part at least, the surface stream which 
now quickly fills the sands below Lower Narrows and Bryman would 
be reduced, the water table below Hodge would be lowered, rising 
water farther downstream would decrease and water table would be 
lowered farther in reaches between rising water all along the stream 
to Afton. The same effect on all downstream points would be felt 
if additional draft were made anywhere along the river. The lower- 
ing would not be permanent unless the draft increased to a point 
where it was greater than the recharge, but the water table would 
be lower in cycles of low runoff than it now is and would be raised 
only by the percolation from the years of heavy flood to approxi- 
mately the same level as would have been reached if no additional 
draft had occurred. 


“The same condition would result if large pumping operations 
in the various basins were instituted to secure water for exporta- 
tion to areas outside Mojave River influence. In this case the 
legal situation might offer difficulties." 
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Proposed Projects in Mojave Basin 


Appleton Land, Water and Power Company. - Pending before the 


California State Emergency Relief Administration is a proposal involving 


some 22, 


000 acres of this company's holdings (see Frontispiece) center- 


ing at Hesperia, This plan was presented as offering opportunity for 
“removing unemployed people from the congested industrial centers; in 
removing unemployed from the charity rolls, and placing them on self- 
sustaining small farms." The development plans were outlined as follows, 
claim being asserted that their consummation would care for 4,000 heads 
of families and a total of 12,000 persons: 


(a) 


(b) 
(c) 


Survey the entire property and stake out into 5-acre units, 
following the plans and regulations of the County Planning 
Commission. 


Clear and level the property for gravity irrigation. 
Extend the present water system for irrigating by means of 
open ditches and extend the present water system by means 


of pipes for a pressure water system for domestic uses. 


Grade and ditch the new roads on the property and plant trees 
along the right-of-way for purpose of windbreaks and for shade. 


Lay out a new townsite, park system and a recreational center. 
5-acre unit - 


Construct a modern well built 4-room house of a typical Spanish 
type, complete with electricity and pressure water installed. 


Set out along the exterior borders of each 5 acres, 150 assorted 
fruit trees and berry bushes, setting inside the line far enough 
to not interfere with the adjoining parcel. 


Gravity water to the high side of each 5-acre unit for irrigating. 
Chicken houses of the latest approved State Design to amply take 
care of 900 chickens. Should the purchaser desire to raise tur- 
keys or geese instead of chickens, or to go in for dairying prod- 
ucts, or to specialize on fruit or truck gardening, a proportion- 
ate charge will be made for the difference in cost. 

Set out an alfalfa patch for poultry green food supply. 

Set out a garden plot, 

Each acre represents a proportionate ownership in the water system 
and when the entire tract is fully developed the individual unit 


owners will own the entire water system, 


Give to each unit owner a membership in the Community Center with 
all the advantages thereof, 
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Included in the plan was the present Hesperia water system, con- 
Sisting of "4 miles of 30 inch steel pipe, 2 miles of 14 inch steel pipe, 
2 miles of concrete lined open ditch, and the head works on Deep Creek 
consisting of a 20 foot concrete dam. The system ends in a 58 acre foot 
earthen reservoir at the town site." According to the prospectus, "the 
present dam can be increased in height to provide additional storage and 
a@ dam can also be constructed on the West Fork which will practically 
double the capacity of the present system." The duty of water for alfalfa 
is assumed to be 1.50 acre-feet per acre on the Hast Mesa and 1.25 acre- 
feet per acre on this particular property, these estimates being based on 
a mistaken understanding of those appearing in State Bulletin No. 5. The 
riparian rights of the area are claimed to give it "a minimum of 30,000 
acre-feet a year." The financial arrangement proposed is not set out in 
the correspondence to which the authors have had access, but are under- 
stood to have involved an initial payment of $1,000,000 by the Government, 
with which a mortgage of $700,000 on part of the acreage was to be paid off. 
The total investment was estimated to run several times the initial payment, 
instalments being provided for as the construction progressed, 


This project involves land of generally good quality and its 
riparian position’ is an advantageous one, although just how it would 
fare before the courts in view of the extremely limited utilization 
its now asserted rights have had might not be as assumed in the prospec- 
tus. The plan is distinctly faulty in its assumption of an excessively 
economical duty of water, There was doubt whether the agency to which 
the proposal was addressed had the authority to proceed with such a pro- 
ject, and at the time this report was under preparation approval of it 
was still withheld. 


The authors consider that the withdrawal of 30,000 acre-feet from 
the river for this project might have a proportionately equivalent effect 
on present and prospective future development of lands downstream that a 
diversion to Santa Ana Basin might have, with the possibly important dis- 
tinction that a return flow might be expected from it, although not of 
appreciable amount if an alfalfa duty of water of 1.25 acre-feet per acre 
Were actually attained. The authors consider this plan of doubtful prac- 
ticability, although alfalfa production apparently would not be the basis 
of the project's industry. 


Helendale ("El Mojave") project. - Also before the California State 


Emergency Relief Administration are revised plans for an extensive project 
near Helendale. This project was originally promoted six or seven years 
ago, but plans for it were dropped following the 1929 panic. 


The present prospectus states that the primary purpose of the pro- 
ject is "to colonize land in the Mojave River Valley .....+ with SERA 
farmers, placing a family upon each 20-acre tract of fully developed and 
planted land; with a well-designed modern farm house, 4 garden and family 
orchard, and with a ‘dom to the minute’ cooperative harvesting, feeding, 
processing and marketing organization." 


The original plans contemplated a 65,000 acre development on both 


sides of the river near Helendale, but this proposal was rejected by the 
SERA authorities on the grounds that (1) the project was too large and 
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the cost of development too great, the plan being stated to "propose the 
development of more irrigated land than there are duly qualified relief 
clients to handle, at least in San Bernardino County; (2) the plan did 
not promise success based upon past experience in such endeavors; (3) the 
source and adequacy of the water supply were apparently questionable. 

The indications were asserted to be that "the cost of water development 
would be comparatively high. In all calculations, recognition should be 
given to the fact that many years will elapse before all this land would 
be put under cultivation, and in the meantime, the cultivated land would 
have to carry the overhead and interest charges on the uncultivated land; 
(4) the soil was described as being “of only fair quality, some of it 

| apparently tending to alkalinity;" (5) the elevation was declared to 
"limit the number of crops that can be grown, and the comparatively 
. 
! 


Se eae 


short growing season lowers the average expected yield per acre as com-= 
pared with a farm in the valley section." The suggestion was made, 
however, that plans be draw for a much smaller project, and a revision 
was accordingly submitted later by which it was "proposed to develop 

the first step of the water production and conveyance plant with which 
to water this initial 2,000 acres; level and grade the land for irriga- 
tion; supply it with an underground concrete field piping system; plant 
it to alfalfa and silage crops; build a house, barn and corral on each 
20-acre unit and provide a garden plot and family orchard of small 

: fruits and trees. It (was) then proposed through community effort, 

. to erect the first units of a central dairy cow feeding plant, the first 
| unit of a central milking plant, and a milk processing plant, to house, 
feed and care for 2,000 dairy cows, milk them, process the milk and ship 
the product to the distributing plant in Los Angeles by insulated, re- 
frigerated tank trucks. These plants (could) be expanded to an ultimate 
capacity of 5,000 cows each, as more land is brought into cultivation 
and more colonists are brought in. Additional major units of like size 
(could) be brought in from time to ‘time until the entire available acre~ 
age of 65,000 acres, in the Mojave River Valley, is colonized and in 
full development." 


The water supply was to be obtained from wells penetrating the 
gravels underlying a tract of water-bearing land. The total estimated 
cost of the original 65,000 acre project, including lands and water 
development, conveyance, conservation and development, was $85 an acre. 
Water supply estimates were supported in part by the following asser- 
tions by P. B Fuller, Consulting Engineer: 


| 
| 
| 


"The above reports and my own investigation disclose a 
known average annual flow of about 90,000 feet of water, which 
is supplemented by a very large but unknowm quantity coming into 
the river basin above Helendale from the west, entering the Mo- 
jave River Valley above this project and the major portion of 
this water is absorbed into the vast underground alluvial forma- 
tion beneath the flood plane of the Helendale Basin. The quanti- 
ty of water fed into the basin from the extensive drainage area 
to the west is probably equal to the drainage from the main water- 
shed to the south. (The above does not take into account the 
large percentage of return flow which will find its way back into 
the river channel after having been applied in the irrigation of 


contiguous lands. )" 
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* The authors have already discussed (page 29) the possibilities of 
expanding the dairy industry of Mojave Valley. The revised plan for the 
El Mojave project reducing the initial unit to 2,000 acres represents a 
much more cautious venture than the original larger scheme, although even 
it is based upon various assumptions (as, for instance, that Los Angeles 
would provide a ready and profitable market for the milk) which might not 
prove to be well-founded. However, as far as the water-supply is con- 
cerned, so small an acreage should not prove a severe drain, whether or 
not the project's engineers were justified in their estimates of the entire 
; “average annual yield" of the river as quoted above. When this paragraph 
was written, the revised plans were still awaiting action by the SERA 
authorities. 


Other proposals. - While the authors were in Mojave Valley they 
were informed of proposals, then in merely preliminary stages, but which, 
if carried out, would involve areas in the lower part of the valley. One 
of these tontemplated the irrigation of 3,000 to 5,000 acres adjacent to 
Yermo from the wells sunk by the Yermo Mutual Water Company or its pre- 
decessor. Table 10 shows that only 28 acres were irrigated in 1934 in 
Yermo township, but the wells are represented as capable of supplying 
water for a relatively large area. The authors see no likelihood of an 
early expansion at Yermo. 


The other proposal involves a plan to irrigate some 60,000 acres 
near Newberry, by means of water to be obtained from wells. The cost 
estimate is $1,500,000 to be financed with money borrowed from the 
Federal Government. Employment of SHRA labor is contemplated. Poultry 
and dairy ranches would comprise the project. 


Although correspondénce with the Government has been started, 
the proposal is as yet little more than a suggestion. Cost estimates 
so far advanced are too low, and the water supply available for so 
large an acreage is obviously more than of doubtful sufficiency. If 
undertaken at all, it is apparent that the tentative plans will have 
to stand drastic revision. 


Proposed Diversion to Santa Ana Basin 


Brief reference was made in the chapter on "History" to the 
Arrowhead Lake development. Since this forms the basis for the pro- 
posed plan which led to the original request for the study upon which 
this report is based, it is discussed below at somewhat greater length. 
Tait, in State Bulletin No. 5, recited the history of the Arrowhead 
projects up to the time his bulletin was written (1917) as follows: 


"The predecessor of the present Arrowhead Reservoir and 
Power Compan y/ was the Arrowhead Reservoir Company, organized 
in 1891, the principal stockholders being Cincinnati capitalists. 
The original plan was a colossal undertaking. It was proposed to 
construct a main reservoir in Little Bear Valley which would im- 
pound the natural drainage of Little Bear Creek, a tributary of 


y Now (1935) Arrowhead Lake Corporation. 
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Deep Creek, An inlet tunnel, now partly constructed, was to be made 
from the reservoir eastward to Deep Creek and extended from this 
stream to Crab and Holcomb creeks to collect all drainage above the 
tunnel and carry it into the reservoir. Diversion dams and regu- 
lating reservoirs were to be located at Deep, Crab and Holcomb 

creeks and the flow of the smaller streams was to enter the tunnel 
through shafts. All of these works would be in the Deep Creek water- 
shed. Another reservoir was to be constructed in Grass Valley, west- 
ward of the main reservoir and on a tributary of the West Fork of the 
Mojave River, and this supplemental basin was to be connected with 
the main basin by a tunnel. Two other reservoirs were to be located 
in mountain flats, the sites for which were later abandoned. Water 
was to be taken from the main reservoir by an outlet tunnel through 
the San Bernardino Range and delivered for the irrigation of lands 
south of the mountains. The company had no lands for sale and made 
no contracts for the delivery of water. 


"A masonry dam, to form the main reservoir, was begun on Little 
Bear Creek, but by the time the foundation was constructed it was 
found that suitable rock in sufficient quantity to construct a 
masonry dam was not to be had near the site. This caused a suspen= 
sion of construction which was prolonged for a number of years. 
Data on the amount of water for storage had been meagre and the 
supply had been overestimated. In 1892 a series of precipitation 
and runoff measurements was begun throughout the watershed which 
was continued for 13 years before construction was resumed. 


"Until 1895 the development of power had not been considered 
in connection with the project. About that time, when it became 
know that long transmission of electrical power was practicable, 
it was planned to utilize the energy of the water in its descent 
on the southern slope of the mountains. 


“In 1905 the property was transferred to a new corporation, 
the Arrowhead Reservoir and Power Company, capitalized at »6,500,000 
with nonassessable stock of which »500,000 was 5 per cent preferred 
and the remainder common stock. Shares representing about $600,000 
par value were issued and placed in the hands of a trustee, no pay- 
ments having been made on these shares. Some of the stockholders 
have taken notes of the company for other obligations, but the com- 
pany has no indebtedness outside of the stockholders. 


"The type of dam for the Arrowhead site was changed to a semi- 
hydraulic fill with concrete core. The plan of outlet works was 
also modified. The Burcham Ranch, now called Rancho Las Flores, 
containing 5,240 acres and including the Forks reservoir site on 
the West Fork of Mojave River near the Forks, also two dam sites 
farther upstream on the West Fork and known as the West Fork sites 
numbers 2 and 3, were acquired. It was proposed to convey the 
water in Little Bear Valley reservoir to the Forks reservoir, using 
the intervening drop for power development. The water would be 
combined in the Forks reservoir with that received from the natural 
drainage of the West Fork. This lower reservoir was then to be 
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drained by a tunnel through the mountain range to the south side, 

; where another power drop would be located and below which the water 
would, as under the former plan, be delivered for irrigation in San 
Bernardino Valley. 


"About 1909 some of the owners of riparian lands on Mojave 
River, including the Hesperia Land and Water Company, filed suits 
to prevent the company diverting water from the watershed, but the 
cases have not been brought to trial. In 1912 application was made 
to the California Railroad Commission for permission to issue 
$4,000,000 in bonds when riparian land owners again opposed the 
plans of the company by protesting against the granting of the 
application. The application was denied, without prejudice, for 
the stated reason that the company's title to water was uncertain 
until the cases were decided by the courts. The record of the hear- 
ings conducted by the commission on the application shows the following: 


Valuation put on property at time of reorganization .... $1,191, 000 
Spent by new company since reorganization seeerevseseeee 923,204 
Principal owed by new COMPANY wsrccccesccacceucceere ee 793,796 
‘Interest owed by new COMPANY cesaccececovsscccvecseveses 126,589 


POUL sev Sacra isdoe sok Wan Cale Seas oe bees ON Mee 0 oe $3,034,589 


“About this time the company, or a trustee of some of the stock- 
holders, began to purchase riparian lands on Mojave River mainly for 
the purpose of quieting opposition from adverse water right claimants, 
and 1,000 acres just below the Forks and 3,200 acres, together with 
most of the older and more useful ditches between Victorville and 
Barstow, were acquired. This property included the Westwater lands 
below Victorville. 


"Tt had been the intention to purchase more riparian lands, but 
owing to the decision of the State Supreme Court about this time to 
the effect that flood waters of a stream could not legally be diverted 
from the natural drainage basin, 2/ a radical change in plan was adopted 
which made this no longer necessary. It was now decided to use the 
water for the development of power and irrigation on the north side 
instead of the south side of the mountains. In 1914 an offer, which 
was not accepted, was made to the city of San Diego to sell the water 
from the system, the diversion from the watershed for domestic use not 


being illegal. 


“In addition to agricultural lands below the Forks, the company 
holds about 12,000 acres in the mountains, mainly in the Little Bear 
Valley, Grass Valley and Forks reservoir basins. The company claims 
riparian rights appertaining to the extensive lands above and below 
the Forks, also appropriation rights on all streams above the Little 
Bear Valley reservoir inlet dating from 1890 and on the West Fork and 


Deep Creek dating from 1905." 


y Miller & Lux vs. Madera Canal and Irrigation Company, 155 Cal. 60. 
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Thus, from its inception, the Arrowhead development had in contem- 
plation the use of Mojave River water south of San Bernardino and San 
Gabriel mountains, and various plans, including the one now under consid- 
eration, have continued the interest in that possibility in one form or 
another. The early plans gave no thought to storage on the lower river, 
either below or immediately above the junction of West Fork and Rast Fork 
(Deep Creek), but subsequent opposition by lower water users and riparian 
Claimants led to the consideration of storage at Forks reservoir site on 
West Fork immediately above its junction with Hast Fork and at two other 
Sites on West Fork immediately above. These were involved in a plan given 
Serious consideration by Pasadena in 1923, which had in view the incorpor- 
ation of the storage in a water supply system for the city. San Bernar- 
dino and other communities have given the Mojave some consideration. 


For a strictly municipal supply, the earlier plans of storage in 
what is now Arrowhead Lake, with its proposed and partly constructed 
feeder tunnels, might have served, but the later transformation of the 
reservoir into a recreational lake appeared to preclude this. The larger 
project of storage at Forks reservoir site, involving a tunnel about 10 
miles long from the reservoir to the mouth of Devil Canyon on the south 
Side of the mountains and a conduit line running westward along the foot 
of the San Gabriels was considered generally feasible, but was given up 
for various reasons, among them the prospective legal difficulties over 
water rights, 


In 1923 the property was acquired by the present company in whose 
name it still stands, Efforts to continue the early plan have been aban-~ 
doned by the Corporation. The reservoir forms a beautiful mountain lake, 
A resort of considerable fame has been established with the lake asa 
nucleus. Much of the land bordering or near the lake has been subdivided 
and sold. 


The following construction has been completed (as described in 
State Bulletin 47): 


Thirteen thousand feet of a concrete-lined tunnel 6’ x 7* in 
section from Deep Creek to Arrowhead Lake. There remains 5370 
feet unbored, 


A 4% x 6% concrete-lined tunnel 5102 feet long from the gate 
tower at Lake Arrowhead to Willow Creek. 


A similar tunnel as part of the outlet system, 2500 feet long. 
Bore completed but not lined. 


A 5* x 7* concrete-lined tunnel 2800 feet long from Grass Valley 
to Arrowhead Lake. 


Arrowhead Dam, a semi-hydraulic fill with concrete core, to a 
height of 200 feet above stream bed. As projected it was to be 
27 feet higher. Present capacity of reservoir is 54,000 acre- 
feet. The projected capacity is 61,000 acre-feet. Outlet works 


are complete. 


No work has been done on the remaining features of the project. 
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The present (1935) land holdings of Arrowhead Lake Corporation are 
shown on the Frontispiece map, 


In 1929 some consideration was given to the possibility of divert- 
ing water from the Mojave River to Santa Ana Basin by the Division of 
Water Resources, as it states in California State Bulletin No. 31, "Santa 
Ana River Basin," that: 


"...eee- The average annual run-off from the mountain head- 
waters was estimated at 98,000 acre-feet in Bulletin 5, ‘Flow in 
California Streams,’ Division of Engineering and Irrigation, State 
Department of Public Works. 


"Preliminary estimates indicate it is feasible, from the physi- 
cal standpoint, to control the run-off of the river so that an aver- 
age annual amount approximating 70,000 acre-feet can be diverted 
through the mountains to Santa Ana Basin. Diversion of such an 
amount would require purchase and control of Arrowhead Lake and 
diversion of some of the tributaries of Deep Creek into it. With- 
out control of Arrowhead Lake an average annual amount estimated 
at approximately 60,000 acre-feet can be brought to Santa Ana Basin. 


"The approximate construction cost of diverting 60,000 acre- 
feet to Santa Ana Basin and distributing it along the upper margin 
of the basin from San Bernardino to Pomona is estimated at $9,000,000. 
The diversion of this amount would involve acquisition of water rights 
on Mohave River to an unknown extent and the complete cost would be 
greater than that sum. 


"The practicability of the engineering features of this plan 
depends on the feasibility of Forks Reservoir, the foundations fom 
which have not been explored. Forks Reservoir lies on West Fork 
just above its junction with Deep Creek. Tt has been surveyed to 
a capacity of 113,000 acre-feet with water surface 160 feet above 
stream bed, The cost per acre-foot of water diverted to Santa Ana 
Basin and distributed along the upper margin of the basin can not 
be estimated accurately because of lack of knowledge as to cost of 
purchasing rights. After paying for this, the cost might be as 
large as that for water obtained through the Metropolitan Water 
District. 


'Rstimates of cost of diverting other smaller amounts have 
not been made, but indications are that such amounts can be 
diverted from West Fork to Santa Ana Basin at reasonable cost 
for construction features. In this case also, nothing is know 
as to the cost of purchasing rights. Diversion of an average 
annual amount of from 15,000 to 20,000 acre-feet would leave 
sufficient water for present development in Mohave Basin, plus 


some expansion. 


"The present irrigated area in Mohave Basin is approximately 
8,000 acres. The sixth biennial report (1916-1918) of the Depart~ 
ment of Engineering, California, sives the gross agricultural area 
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in Mohave Basin as 325,000 acres, Two irrigation districts on the 
east and west mesas above Victorville, covering a gross area of 
100,000 acres, have been proposed. The biennial report states that 
the soil is of good quality. One of these irrigation districts is 
being promoted at present, but the other is quiescent. 


"Diversion of any part of Mohave River to Santa Ana Basin will 
curtail irrigation possibilities in Mohave Basin. In addition to 
removing water from an area of deficient supply it would transfer 
it to an area which, although short of water now, has potentially a 
complete supply through plans for other importation. 


"The utmost possible diversion from Mohave River, together with 
salvage of local waste in Santa Ana Basin is believed to be more 
than sufficient to offset the present shortage in Santa Ana Basin, 
but the margin is not large. Continued development in Santa Ana 
Basin would have to depend on still other outside supplies. 


"The Mohave River, if entirely diverted to Santa Ana Basin, 
would relieve the present shortage in Chino Basin and around San 
Bernardino, but it is believed other supplies would eventually 
have to be imported into this area, even if Mohave River were 
brought in and used entirely for it." 


In explanation of the proposal upon which this report was initiated 
(see Introduction), Francis Cuttle, as chairman of the committee represent= 
ing the agencies which addressed the letter of April 17 to Secretary Wallace, 
gave the authors the following statement: 


"The idea of bringing any water which may be available from the 
Mojave River above the amount that is being put to beneficial use 
has been discussed for a long time by parties in the counties of 
San Bernardino, Riverside, and Orange, California. This idea took 
more definite form during the year 1934. Conferences were held at 
Riverside during 1934-35 by representatives of organizations in the 
three counties charged with maintaining water supplies; and at all 
of these conferences it has been understood by the participants 
that if it should be found that there is surplus water available on 
the Mojave River, and that the expense of bringing same into the 
Santa Ana River watershed was not unreasonable, that any such water 
which might be found to be available would be divided equally be~ 
tween the three counties, it being also understood that in the event 
any one of these counties did not wish to avail itself of the oppor- 
tunity to secure its proportion of the total amount which might be 
diverted, then and in that event such water should be divided equally 
between the other counties, 


"In my opinion, the future of the Santa Ana Basin depends 
either upon the importation of water or the deportation of people." 
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SURPLUS WATER (IF ANY) OF MOJAVE RIVER 
IND DISTRIBUTING IT IN SANTA ANA BASIN 
(By Finkle, Rowe, and Browning) 
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A report prepared in 1933 entitled tReport on Water Supply from 
Mojave River for the San Bernardino Valley and Orange County, California," 
by F. C. Finkle, W. P. Rowe, and C. R. Browning, Consulting Engineers, 
outlines a plan to divert 40,000 acre-feet from the Mojave River to 
Santa Ana Basin. Since no other detailed plan is available, it will be 
used for the purpose of the following discussion. At the request of the 
authors, Browning and Rowe briefed the plan as follows, The description 
can best be followed by reference to Plate 3: 


| "The plan of diversion of surplus water of the Mojave River, 
i as proposed by Engineers Finkle, Rowe, and Browning, provides for 
| the use of the West Fork reservoir site, having a storage capacity 
of 112,000 acre-feet. A diversion tunnel would carry the water 
from this reservoir through the San Bernardino Mountains to the 
Santa Ana River watershed in the vicinity of Devil Canyon north 

of the City of San Bernardino, At this point power development 

| would be made by utilizing the difference in elevation of the 
diversion tunnel and the intake to the diversion system at the 
mouth of Devil Canyon, some 1200 feet lower. 


"In connection with this reservoir, it is proposed to complete 
the Deep Creek diversion tunnel under the original plan of the Arrow- 
head Reservoir and Power Company for diverting water from the head-= 
waters of Deep Creek into Lake Arrowhead, It is not intended that 
Holcomb Creek would be diverted. Lake Arrowhead would be used as a 
regulating reservoir only and the water level would never be lowered 
below the 5100 foot elevation, thus guaranteeing to the property 
owners their present lake elevation for all time in the future. The 
outlet system from Lake Arrowhead would be completed to the long 
ridge just north of the East Fork of the West Fork of the Mojave 
River and would be carried along this ridge to a penstock leading 
into the diversion tunnel from the West Fork reservoir. The head 
at this penstock pipe is 1800 feet, and a power development is 
proposed. Surplus water from Lake Arrowhead would be allowed to 
spill into Grass Valley Creek, by which it would reach the West 
Fork reservoir for storage at that place. The safe yield of the 
Upper Deep Creek and Lake Arrowhead system is estimated at 12,000 
acre-feet per annum, and the West Fork system at 28,000 acre-feet, 
making a total of 40,000 acre-feet per year as the amount to be 
diverted to the Santa Ana watershed, 


"At the mouth of Devil Canyen a diversion system is planned to 
carry the water in conduit to the canals serving the Riverside County 
interests. The water mains of the City of San Bernardino Water De- 
partment already extend to the mouth of Devil Canyon and water could 
be turned directly into this system without any further expenditure. 
To serve the interests in Orange County and the west end of San Ber- 
nardino County, a gravity conduit would extend westerly from the 
mouth of Devil Canyon to a point north of Fontana. At this point.a 
canal to serve the west end of San Bernardino County would continue 
westerly, While the Orange County water would be carried southerly 
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and delivered into the Santa Ana River at the Riverside Narrows, 
There is a perennial stream from the Riverside Narrows to the 
intakes of the main canals in Orange County, and the Orange County 
water would be permitted to flow in this stream as it is believed 
there would be very little additional loss by evaporation and trans- 
piration by the addition of this new water to the present stream." 


An estimate of the available supply from Lake Arrowhead was pre- 
pared by Finkle, Rowe, and Browning on the basis of determining the safe 
yield from a storage reservoir, the theory being that no greater decrease 
in the safe yield is permissible than 25 percent. They state: 


"By this method the forty (40) seasons from 1892-1893 to 
1931-32, inclusive, will produce a seasonal draft from the reservoir 
(Lake Arrowhead) of 12,000 acre-feet with a single exception of the 
season 1899-1900 in which a 9,000 acre-feet draft would have been 
obtainable," and further, "that the safe draft from the West Fork 
Reservoir during the forty (40) seasons considered would not have 
fallen below 28,000 acre-feet except for six seasons from 1897- 
1898 to 1903-04 inclusive, during which six seasons a seventy-five 
per cent (75%) supply was available except during two seasons in 
the period, in which the supply fell somewhat below the seventy- 
five per cent. Our studies show that the 28,000 acre-feet per 
annum draft from the West Fork Reservoir is the best development, 
as the loss by reducing the draft below 28,000 acre-feet would be 
much greater than the slight loss during the six seasons out of 
forty in which the supply falls below 28,000 acre-feet. Thus the 
safe yield from the Mojave River drainage, which may be secured 
through storage in Lake Arrowhead and the West Fork reservoir, 
amounts to a mean of 40,000 acre~feet per season. 


"Tt appears that the aggregate flow of the East Fork and West 
Fork of Mojave River, as a mean throughout the forty year period, 
amounts to 91,517 acre-feet per season, If the full 40,000 acre- 
feet per season be diverted by the project herein designed, the 
deficiency in dry years being made up by greater diversions in the 
wet years, there will still remain 51,517 acre-feet of mean aver~ 
age seasonal discharge from the Mojave River to supply all needs 
of the lower lands and basins along the stream. This quantity is 
far in excess of anything which can be utilized on land along the 
Mojave River, including both riparian and non-riparian lands in 
its valleys. At the present time there are less than 6,000 acres 
of land cultivated along the entire length of the Mojave River 
below the forks, and the actual requirements for the irrigation 
of these lands would not average in excess of two acre-feet per 
annum or approximately 12,000 acre-feet." 


After analyzing the records show in the report above referred to, 
the authors concluded that some of the estimates for mean annual run-off 
were too high. This was particularly true for the year 1923-24, the 
figure for which the authors revisedL/ (see Table 29). Using the revised 


y With Mr. Rowe's concurrence. 
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figures, Table 48 was prepared to show what the effect of the proposed 
diversion to Santa Ana Basin of 40,000 acre-feet would have been on the 
discharge of the Mojave River below the Forks, if Lake Arrowhead and 
Forks (West Fork) reservoirs had been in operation for such purpose from 
1892-93 to 1931-32. The estimated mean discharge of 89,500 acre-feet is 
approximately the same as Conkling’s estimate, but is lower than the one 
shown in the Finkle~Rowe-Browning report. 


Table 49 has been prepared with the purpose of illustrating the 
probable effect on the water supply in the Upper, Middle, and Lower 
valleys, if the proposed diversion had been an actuality during the 40- 
year period 1892 to 1932, 


The consumptive use of water for agriculture show in Table 49 
is based on present irrigated area. It seems likely to the authors 
from the computations summarized in the table that, considering an 
equalizing series of years, a diversion of 40,000 acre-feet annually 
would not curtail the present irrigation use between the Forks and 
Victorville, that it would produce some deficiency between Victorville 
and Barstow, and that it would almost certainly produce a substantial 
deficiency below Barstow. These inferences are based on the important 
assumptions that (1) run-off of future years would approximate the run- 
off of the periods represented by the record; (2) that all water applied 
above the three acre-feet per acre allowance for consumptive use would 
be recovered for reuse; and (3) that no curtailment of use by native 
vegetation would be brought about. 


All three assumptions are subject to challenge. No guarantee 
as regards the first assumption is, of course, possible. As regards 
the second, there is no proof to be offered; indeed, it is more than 
likely that some loss above the consumptive use would take place, at 
least so far as availability is involved. An assumption that all water 
above the aggregate of consumptive uses is available for diversion 
elsewhere is subject to valid criticism. For example, with three 
Major basins of use it matters relatively little how much water is 
pumped and applied in the upper basin, for any water in excess of the 
consumptive use rejoins the ground water and becomes available for 
reuse, either in the same or in a lower basin. The same thing may be 
said of use in the second basin. In the last basin downstream, however, 
the return water is not so readily recaptured, and quantities applied 
but not used consumptively may pass beyond a point of recovery and be 
no longer available for reuse; its requirement is therefore represented 
not merely by consumptive use, but by the larger amount involved in 
actual irrigation. 


As regards the third assumption, it is believed that a curtail- 
ment of use by native vegetation is possible and that it will have to 
be made if a substantial increase in agricultural use takes place either 
in the valley itself or by diversion elsewhere. 


In this connection, reference is again made to Table 10, where a 


total of 2,922 acres in "woodland pasture" and a total of 352 acres of 
“woodland not used for pasture" are shown. Since these acreages are in 
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farms now operated, it is to be presumed that their trees have usefulness 
justifying their preservation. The remainder of the 7,800 acres of wet 
lands "supporting principally cottonwoods but also some tules and salt 
grass" may be presumed to be made up mostly of areas outside present 
farms and using water "non-beneficially," as described in Bulletin No. 47. 
Some such groves might perhaps be made into parks, but otherwise they 
could be sacrificed to permit a more economical use of the water they now 
consume. Such sacrifice would logically be expected to be brought about 
by the agencies needing the water. 


As heretofore indicated, Table 49 takes no account of the possible 
increase of the agricultural area in farms now operated, It likewise 
takes account only by the footnote of the apparent inflow between the 
Forks and the Upper Narrows. If a doubling of the agricultural area 
should take place in this section, the estimated consumptive use by crops 
would be substantially increased -~- not necessarily doubled, as the areas 
of grain and other crops which are economical in their use of water, 
might increase proportionately more than the alfalfa area. In that event, 
the apparent inflow might be sufficient to care for the increased acreage. 
However, the record of the past five years indicates that this inflow is 
of uncertain and fluctuating amount, and the authors are not inclined to 
stress its potentialities until a longer record of measurements is avail- 
able. On the other hand, preliminary studies by the Bureau of Agricultural 
Engineering indicate there is an excellent opportunity to replenish the 
underground water supply in this basin in event of overdraft, by means of 
spreading flood waters. 


To take proper account of the possible increase in agricultural 
area between the Upper Narrows and Barstow, the allowance for consumptive 
use should be increased by, say, 10,000 acre-feet. Notwithstanding the 
claim of proponents of #1 Mojave project, the authors find no convincing 
evidence of a substantial inflow to that section of the river except the 
7,000 acre-feet per year estimated by Conkling. Therefore, an approxi-=- 
mate doubling of the consumptive use allowance for crops for the area 
below Barstow should also be made, in a consideration of the future 
building up of the present farms, 


It is true, of course, that any substantial increase in’the 
cropped acreage might involve parts of the areas now in native vegeta- 
tion, and it is in point here to say that if the water table can be 
lowered without reaching an uneconomic pumping level, the deficiency 
of supply might be made up from the water stored underground and the 
resultant decrease in use by native vegetation, some of which would die. 


Any extensive development of the water resources of the Mojave 
Basin must contemplate utilization of underground reservoirs. Such 
development would disturb the present regimen of the stream consider=- 
ably. When considering the regimen of the river above Barstow it should 
be realized that the cyclic storage offered by the various basins has 
been utilized to very little extent except in Hinkley Valley. As indi- 
cated by Table 47, the upper 50 feet of these underground reservoirs 
have the following capacities: Forks to Victorville, 90,000 acre-feet; 
Victorville to Hodge, 160,000 acre-feet; Hodge to Barstow (including 
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Hinkley Valley), 290,000 acre-feet; and below Barstow, 200,000 acre-feet. 
Usually the greatest fluctuation in any underground water basin, such as 
those in Mojave Valley, will take place at the upper end where the water 
enters, and the least variation will occur where the water leaves at the 
lower part. If a deficiency occurring during a dry period (for example, 
in the Hinkley Valley) is to be offset during a wet period of the cycle, 
more use must be made of cyclic storage. This would entail higher pump- 
ing lifts in some areas, but not to the extent of a uniformly increased 
lift over the entire area. This is the same condition that irrigators 
from wells have had to face for decades in other underground basins of 
southern California. In other words the water level is pumped lower in 
the dry periods and the floods of the wet periods restore the basin to 
its former level, provided there is no overdraft. However, in areas 
where irrigation depends entirely on pumping, such as Hinkley Valley, 
they are usually prepared for temporary shortages. For example, if the 
shortage in the Hodge-Hinkley-Barstow basin should average 10,000 acre- 
feet per year for 10 years, it would account for 100,000 acre-feet out 
of a total of 290,000 acre-feet (storage capacity)in a 50 foot lowering 
in this basin, or about 17 feet for the entire area. Since, as stated 
‘before, the most violent fluctuations would occur near the upper end of 
the basin, it is doubtful whether the average decline in the lower end 
where most of the present irrigation is practiced would exceed 13 feet. 
A greater lowering along the river will result in better efficiency of 
absorption of stream flow and less use of water by native vegetation. 


Hence, the authors infer from Table 49 that even with the salvage 
of a substantial part of the water now consumed by native vegetation, 
and on the basis of assumptions (1) and (2), (page 108), if 40,000 acre- 
feet were first taken away, the “apparent surplus" shown in the table 
would not meet present agricultural, domestic, and industrial needs of 
the entire valley; or, putting the matter a little differently, that 
unless a substantial portion of the "non-beneficial" were corrected, 
no more than 15,000 to 20,000 acre-feet could safely be diverted across 
the mountains. 


Table 49 appears to show further that if the agricultural use 
were confined entirely to the area above Barstow and the periods repre-~ 
sented in the table were duplicated, 25,000 to 30,000 acre-feet could 
be taken out without curtailment of consumptive use by crops and native 
vegetation, although undoubtedly the latter would suffer during years 
of exceptionally low supply, This is on the assumption that the low 
annual discharges would be offset by those higher than the average at 
brief enough intervals to prevent a damaging increase in pumping lifts. 


Notwithstanding the apparent purport of Table 49, as analyzed 
above, the authors feel that any diversion of Mojave River water out- 
side its watershed should be made only after care is taken of the normal 
agricultural and industrial needs of the valley itself. The discussion 
in previous chapters of this report has been intended to indicate what 
those normal uses are or may become. If climatic history is repeated, 
there will be years -- even series of years -- when the removal of 
40,000 acre-feet would leave almost no water at all for use in the 
valley, except what may have been stored underground in previous years. 
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For example during the 10-year dry period 1895-6 to 1904-5, the mean 
annual discharge below the Forks after a diversion of 40,000 acre-feet, 
would have been 13,600 acre-feet, which is very little more than the 
present estimated total consumptive use (11,000 acre-feet) in the sec- 
tion between the Forks and Victorville. In fact, in six of the years 
of this period, the annual discharge would have been less than 5,500 
acre-feet, while for three consecutive years (1897-8 to 1899-1900) the 
surplus below the Forks would have totaled only 3 , 800 acre~feet. 


Hence, the valley's rights should stand in the preferred position, 
and outside claimants should be satisfied with what is left, whether it 
be 40,000 acre-feet or some other amount. In other words, provision 
Should be made to release stored water to the valley if it is needed 
there to support whatever may be adjudged beneficial use, and to the 
extent of removing such a deficiency as might exist without it, before 
diversion to the other side of the mountains is begun in any year. 


The preceding discussion has assumed that the proposed diversion 
can legally be made. The legal aspects are discussed under the heading 
‘Probable Legal Status of Water Rights." 


Frobable Legal Status of Water Rightst/ 


The California Supreme Court handed down on January 31, 1935, 
what was undoubtedly its most important water-right decision in many 
years, the case being that of Peabody et al. vs. City of Vallejo, 

89 Cal., Dec. 165, 40 Pac. (2d) 486, Jan, 31, 1935. The opinion of 

the court was unanimous, Peabody and others were the owners of lands 
riparian to Suisun Creek; they sought to enjoin the City of Vallejo 

as an appropriator from storing any of the waters cf Gordon Valley Creek, 
a tributary of Suisun Creek, claiming that they were entitled to the 
full flow of the creek regardless of the reasonableness of their use of 
the water. 


The court held that since the adoption of Section 3 of Article 
XIV of the State Constitution in 1928, the old doctrine of riparian 
rights has been modified. Jt concluded that the rule of reasonable 
use enjoined by that section "applies to all water rights enjoyed or 
asserted in this state, whether the same be grounded on the riparian 
right or the right, analogous to the riparian right, of the overlying 
landowner, or the percolating water right, or the appropriative right." 


The decision was laid on broad grounds. Much was said about 
the public welfare, about "substantial" benefits and damages, and about 
the reasonableness of the use of water. The constitutional amendment 
limiting riparian rights to reasonable and beneficial uses was accepted 
as a mandate that was plain, positive, and admitted of no exception, 
and that reflected the present policy of the State with reference to 
the use of water, The court undertook to state principles under which 
the conservation of unused waters for beneficial purposes could be 
brought about -- principles which would recognize the proper rights 
of the riparian owners, "but still place the law of the state in such 
condition that he may not, by assuming an arbitrary position, forestall 


s This discussion was prepared with the assistance of Wells A. Hutchins, 
Irrigation Economist, Bureau of Agricultural Engineering, 
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by injunction proper programs of conservation, or assert such claims for 
compensation for any alleged infringement of his right as are fanciful 
and would be prohibitive." In other words, the "hold-up" value which 
the riparian right has apparently enjoyed since the Herminghaus decision 
is greatly reduced. 


A second important decision was that in the case of Lindsay- 
Strathmore Irrigation District vs. Consolidated Peoples Ditch Company 
and Tulare Irrigation District vs. Lindsay-Strathmore Irrigation District, 
89 Cal. Dec. 750, May 3, 1935. 


A telephone call to the Clerk of the Supreme Court on June 12 
disclosed that no petition concerning an appeal to the United States 
Supreme Court had been filed with the California Supreme Court to date, 
in either case. The time for filing had expired in the Peabody case; 
the Clerk stated that application for writ of certiorari (to review the 
Case) may have been made at Washington, but considered it very doubtful. 
The time for filing had not expired in the Lindsay-Strathmore case, 


As to the possible attitude of tke United States Supreme Court 
on limitation of riparian rights: A decision by that Court in the case 
of California-Oregon Power Company vs. Beaver Portland Cement Company, 
April 29, 1935, held that following the Desert Land Act of 1877, if not 
before, all non-navigable waters then a part of the public domain became 
Subject to the plenary control of the States, with the right in each to 
determine for itself to what extent the rule of appropriation or the 
Tiparian doctrine should obtain. Stanley F. Davie, Attorney for the 
Federal Land Bank of Berkeley, in a review of this case stated that the 
United States Supreme Court "has made an interpretation which will un- 
questionably clear the way for state statutes intended to abrogate or 
limit riparian rights;" and one of his conclusions is that "It leaves 
the states free to exere¢ise their police power to abrogate or limit 
water rights which attach to lands patented subsequent to 1877." 


In considering various pending plans for large-scale agricultural 
development in Mojave Valley, as well as the proposal that Mojave River 
water be diverted to Santa Ana Basin, the authors gave thought to the 
possible effect which the decisions above cited might have. Three prin- 
cipal questions appeared to need answers. These are discussed below: 


Question 1. What legal obstacles now stand in the way of the 
diversion from one watershed to another? 


The authors are not aware of any legal obstacles in the way of a 
diversion, by appropriation, from one watershed to another in California. 
A riparian owner, however, is limited to the watershed, if he relies on 
his riparian right; for riparian tands do not extend beyond the margin 
of the watershed. 


Change of place of use may not be made if it affects other vested 
rights adversely. That is, if vested-right users depend upon return 
flow from irrigated lands, to change the location of use of water (which 
yields the return flow) out of the watershed would injure these vested- 
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right users. This is, of course, different from establishing the place 
of use of a new appropriation. 


Waters are actually taken from one watershed to another in various 
States, including California. In E, Clemens Horst v. New Blue Point 
Mining Company, 177 Cal. 631, waters from Yuba River were heing taken to 
Grass Valley, abandoned by appropriators and discharged into Wolf Creek 
tributary to Bear River, where they were again being appropriated and 
taken out of the watershed of Bear River. The question was whether 
riparian owners on Bear River could enjoin the diversion out of Bear 
River watershed; held that they could not, as the waters were foreign. 
The court said that the first appropriator "may not be deprived of the 
right to the use of it, even outside of the watershed of Wolf Creek." 


The recent Lindsay-Strathmore case, in fact, involved the trans- 
portation of water out of the Kaweah watershed. The bare right to take 
water out of a watershed was not in controversy; the question was whether 
there was a surplus, above the needs of riparian owners and prior appro- 
priators, which would be available to Lindsay-Strathmore Irrigation Dis-~ 
trict. The Supreme Court announced a number of rules which should guide 
the trial court, and sent the case back for re-trial as to the specific 
quantities the various parties were entitled to, before it could be deter- 
mined whether or not there was a surplus available for the District. 


The authors believe that taking water out of the Mojave watershed 
would not be enjoined unless it deprived someone in the watershed of 
water to which he was entitled. 


Mr. Spencer Burroughs, attorney for the State Division of Water 
Rights, in a telephone conversation (June 14) said that the Division 
accepts applications to appropriate water for use outside a watershed; 
that there is nothing illegal about it; that it is done in many cases. 


Question 2. How do the recent decisions affect rights of riparian 
owners who have not exercised them? 


The Lindsay-Strathmore case, which is later than the Peabody, 
announced the following rule (among others) to guide the trial court: 


At p. 770, speaking of the new doctrine set forth in “Peabody v. 
City of Vallejo," the court says: “The trial court, under the new doc- 
trine, must fix the quantity required by each riparian for his actual 
reasonable beneficial uses, the same as it would do in case of an appro- 
priator., The new doctrine not only protects the actual reasonable bene- 
ficial uses of the riparian, but also the prospective reasonable benefi- 
cial uses of the riparian. As to such future or prospective reasonable 
beneficial uses, it is quite obvious that the quantity of water so re- 
quired for such uses cannot be fixed in amount until the need for such 
use arises. Therefore, as to such uses, the trial court, in its findings 
and judgment, should declare such prospective uses paramount to any right 
of the appropriator. By such declaratory judgment, the rights of the 
riparian will be fully protected against the appropriative use ripening 
into a right by prescription, but, until the riparian needs the water, 
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the appropriator may use it, thus, at all times, putting all of the avail- 
able water te beneficial uses, The trial court might well, by appropriate 
provisions in its judgment, retain jurisdiction over the cause, so that 
when ea riparian claims the need for water, the right to which was awarded 
him under such a declaratory decree, the trial court may determine whether 
the proposed new use, under all the circumstances, is a reasonable benefie 
cial use and, if so, the quantity required for such use." 


Question 3. What recourse would non-riparian pumpers have from 
the anticipated (or proved) effects of a diversion which would increase 
their pumping lifts? 


A user of ground water underlying his land has a correlative right 
with other overlying landowners to make a reasonable use of the common 
underground supply. The Lindsay-Strathmore case has the following regard- 
ing restrictions upon his right: 


"Tt is to be noted that the new doctrine embodied in the 
constitutional amendment, as interpreted in the Peabody case, 
not only applies the doctrine of reasonable use as between 
riparian and appropriator, but also as between an overlying 
landowner and an appropriator. The overlying landowner in this 
state has been held to have analogous rights to those of a 
riparian, Such overlying landowner is now subject to the same 
restrictions as those applicable to riparian owners," 


Apparently as between overlying landowners and appropriators from 
streams which feed the groundwater basin, the same rule applies as be- 
tween riparian owners on a stream and appropriators from the stream, 
Presumably the overlying landowners could secure a declaratory judgment 
protecting them in their present and their prospective reasonable bene~ 
ficial uses. 


There is no general rule as to just what lowering of ground water 
constitutes an injury. It depends upon the facts in the case. A lower- 
ing of a given number of feet might be an injury in one case and not in 
another. Mere lowering of the water plane is not in itself a wrong. 


Need for and Cost of Water in Santa Ana Basin 


The plan for a transmountain diversion of Mojave River water to 
the Santa Ana Basin was occasioned by the alarm of irrigators and other 
water users in that basin over the persistent decline of the water levels 
in the wells from which most of their present supplies are pumped. The 
authors have felt no obligation to present an array of statistics or as- 
sorted statements of facts to establish the validity of this alarm, which 
they nevertheless believe to be justified, Santa Ana Basin is far from 
being unique with regard to the condition of its water table, for Mojave 
Valley is one of the few important places in California where pumping 
from wells is widely practiced that havenot witnessed the same phenomenon 
in greater or less serious degrees Moreover, the fact that the decline 
of the water table has been arrested from time to time by temporarily 


-116- 













































«ftsra ods to tle anletue .eeeue Lists ,asly af paepenidse. 
atuiznotens es ilew tagla teuey Leaked oat yoane fatotbaned bt” 
sad? oh _sdIne afi? Teo adivetheltet atever dt xongiial att ae 

febraws ean foidw of Figie mit ,{tetaw ‘aot been ett smiala 
Ataty snimrotad yam @tune tsi ery ested ytotavefoe’ a tere 
itso! eidandsat ai. .cooantemento edi Clip tebay eee wen £ 
T at dave ToeY Setlipor yi teneup eit: ~ st Aa 


mart oval stadia ae fteqgiteood Sipow epuopet fsiW «2% sottas 
sesaetons binvew Selgsw xroleqey lb a TO atostie ‘bowery “«a}" vat Baio. 


teste ‘gate 


dagis eviisieits 6 Adi fon! Ald yabyioebar totam avery to teau 
utuswne oft 6 ace oftegoeeer # tlem oF exemrohant gaigiteve ge 
beseex aiiwoliot ag? oat sens rcoaztereb-yneball eat »«eiqace Be 
sfigit ef aoqgs enotta L 


+ j betiSdees onittscd wen ait ted? betes of OF at 70") 
psy YiodawTt att a? fet weeny tid an ,toenbsem Iancttot hs 
(rewie) a7 SAN f anet to an in doab edd eetlaqes Vis 
Au) ¥ltTevo oo. scented ao Osi tud yrotelqeig7s ban 
etx? af tenwobasl go oyvtaevesed? ,.sotabigonggs as Sen Be 
* tS o i} otdwie avogolens evad ov bLed seed wad 
wren aft of foul dua son 82 auewohaal anhyfixevo sow ants: 
“eter mafanglia of widsoliqges aaa? tain te 
wrt arotal?gorqqe Sn romwolnel pabyftwve maowied 6a on q 
af eg seligge olvt ome edt etaed votewhapoay ais Bese dobimt 
Mout s ; “.taltoeseoa ane oertie @ ob etentwo aebtag 
rnemmivt vecteriloat » stvoen Blope arenwondal aniyiaevs eft 
4 a(lotonaer artisornotg thety Sas decent atent a> meme 
2 
taiew haicory * (-o@el ¢edw test ot ee efot Leremep of @f on 
~tawel ange et? at ates? off aoqy shacqeh C2 seeulae Gee 
tor one emas eto an? veutal ma O64 ¢ doin feet To taeda aerTlg ae 
_anoTtt & Fientt al You at analq tetew att To gabteres oe © 


‘reat ok sine? cl sede Yo 200 fap tee beet 


Cite 
rovlb otetanoamantt #« <6t cet 


7 rEtaw covi i To and 
tsito hun eTrotvest /artela oft vy Aeootenobe eae atkast ata. 
sfevyer crater ani’:’ ri oar tdet aes ee cove Aland tad? of 


anf? ,~hemgut ots sehiccue ?aoneng shat? To som ioide sed we Le 
on 15 extolled to teres ne Tae ot eolteghlen om 7ae8 | 
iolidw .wiate 2idy to ethiiev «9% aebiierse op utoat to. stm 
movt cat al reeat onA et cat .tett teen) ad of) ometiow eps 
Prat om “tot ies? cadew att to seteiiaos cel of frper ae oupke 
sorte 18" sloretiisd «l ssely) tenbrageh wet ef? ee eae 
emote; aime ot beonantiw conrad Ag@ht septtostp (keane ares 
OLiGah ero ai? gon? at? ,teveerel »eetR oh auetise gael 20. 
¢] Mato? 4S amt of eatld mol DoPerae deed nad effet 


~dL ie 





favorable seasons of high precipitation does not presage the eventual . 
restoration of former water levels nor the establishment of a more 
stable regimen. Prophesy is likewise needless here as to when the 
economic limit of pumping lifts will be reached, 


The generally admitted fact is that lifts are now so high as to 
involve pumping costs not supportable by any other agriculture than 
the citrus-walnut-avocado industry which typifies farming in Santa Ana 
Basin. Not for the purpose of expanding the present agricultural area, 
but to safeguard the already effected development an effort by Santa 
Ana water users to obtain a new supply is readily justifiable, provided 
the rights of other claimants are recognized and protected. In short, 
the statement of necessity included in the letter of April ay 93>. TO 
Secretary Wallace is considered to be generally correct. 


However, even with the need for more water admitted, there is 
to be considered also the probable cost of obtaining it. The cost of 
water is only one of many costs entering into the production of crops, 
and it is not necessarily the controlling cost, notwithstanding the 
fact that water is the prime necessity of agriculture in southern 
California, Therefore, while the water cost which has been met here- 
tofore does not have to be considered as the limit, and perhaps as a 
matter of salvage Santa Ana irrigators might pay substantially more 
for water than they have been paying, nevertheless returns from their 
industry above their total costs are certainly not so liberal as to 
justify a magnifying of the water cost, or any other cost for that 
matter. 


The errand of the authors was not to ascertain the probable 
cost of the diversion, storage, and distributing works involved in 
the proposed transmountain plan. Rather, what they were concerned 
with in this phase of their study was a consideration of the cost 
which could be justified for that or any other plan involving the 
importation of water to Santa Ana Basin. One clue to this is the 
water costs now or recently carried by Orange County farmers, as 
tabulated by Harold EB. Walberg, Farm Advisor for Orange County, in 
the "Report on Orchard Soil Management Course," May 7, 8, and 9, 
1935, issued by the Los Angeles County Agricultural Extention Ser- 
vice. (See Table 50,) The costs listed do not include irrigation 
labor. 


In explanation of the wide range of costs for the different 
crops, appearing in the final column of the table, Mr. Walberg says 
that, "the lemon and avocado orchards in this study generally are 
located on higher elevations where water is boosted once or twice, 
thus increasing costs. The low cost of water for walnuts is accounted 
for in the lower rates for gravity water in the winter season," 


The unweighted average of the cost per acre-foot shown in 
Table 50 is $14.61. 
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TABLE 50. = Water usage and costs incurred by 
Orange County farmers, 1926-1934 

















Average annual} Average Average Average 
er acre er acre | per Ac.In.| per Ac.Ft. 
Years Acre-inches Dollars Lollars Dollars 





Valencia 
oranges 

















19.4 14.31 0.74 8.85 








Lemons 14.5 19.57 16.20 












Walnuts 11,59 5.19 








42,16 27.60 





Avocados 





In point also are the 1929 figures in Table 51, which is made up 
of the averages reported in Table 5 of Bulletin No. 36, "Cost of Irriga- 
tion Water in California," Division of Water Resources, California State 
Department of Public Works, by Harry F. Blaney and M. R. Huberty. 


TABLE 51. - Cost of water to irrigators, Mutual Water 
Companies, southern California, 1929 


for average amount used 
Company Excluding Including 
interest (6%) | interest (6%) 
on value of on value of 


capital stock capital stock 

















Dollars Dollars 

Anaheim Union Water Company 9.38 12.93 
Gage Canal Company A145 10,45 
Riverside Water Company 3,14 ee 2 
San Antonio Water Company Pan 18.41 
Santa Ana Valley Irrigation Company A,26 9,22 
Temescal Water Company 11.34 16.52 
Yorba Linda Water Company 13.95 16.65 
Unweighted average Tete 13,44 
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Domestic and industrial water rates run substantially higher than 
these costs, as shown below for the cities of San Bernardino, Riverside, 
and Santa Ana: 


San Bernardino 
Minimum meter rate per month 


L/2 inch meter es...ee- jue 2,00 = 2,400.00, ft, 
S/A inch meter ..+.+--«++5 2200 + 2,800 cu. ft. 
1 inch meter wecarccrece eho = | OU Sas Ths 
De” Wer Meter es cha nha os 6.00 -— 8,500 cu. ft. 
PO aycn Meter ssaccccoees 9.00 = 11,400 cu, ft. 
fs SO MSE Gacctotwags 2300 17,100 cu. ft. 
Pee Ma E Siete i soe 5. £0600 22,800 cu. fte 
G new meter ......ce00. 24.00 - 34,200 cu. ft. 


The following meter rates apply to consumption of water in excess 
of above amounts: 


Per 1000 

Cu. Ft. 

Less than 50,000 cubic feet .e-.e.eee $0.70 
50,000 to 60,000 cubic feet ...eeeeee 69 
60,000 to 70,000 cubic feet eosrereee 68 
70,000 to 80,000 cubic feet .....-+6. 67 
80,000 to 90,000 cubic feet ....e-ee- 66 
90,000 to 100,000 cubic feet ....... Ne 65 
100,000 to 125,000 cubic feet .s.sereee 64 
125,000 to 150,000 cubic feet ...+++-- : Ma 


150,000 to 175,000 cubic feet .eeeseoes 259 
175,000 to 200,000 cubic feet ..-seoees 256 
200,000 to 225,000 cubic feet sevseeees we 


225,000 to 250,000 cubic feet warereses 250 
250,000 to 275,000 cubic feet eoeeseeve 047 
275,000 to 750,000 cubic feet easseseee 244 


750,000 to 1,500,000 cubic feet .sereeees eAl 
1,500,000 to 3,000,000 cubic feet covsesses «37 
3,000,000 to 4,000,000 cubic feet -eressees 034 
4,000,000 to 6,000,000 cubic feet ».-..e+e- -o0, 
6,000,000 OF MOTE esseoeeereserrerrecereres 226 
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Riverside 


Domestic meter rate. - For the first 1500 cubic feet, or less 
per month: 
“Through a 5/8 inch meter «,eeceeeeee $1.50 
" 


" tt 3/4 " iia ek | te Ole 
" te " " eeoevrvoveven eo Ae 8 
ti] " 14 " " a ee ee ee ee Sano 
" ) 5 " " Stic eate aise. wo 
" Le u " eoeeoveer eee 6,00 
v MA. " Mt e@venvueeeoee eos 8.00 


Add 50¢ to above for services outside of city limits. 

For the first 2000 cubic feet per month in excess of the above 
minimum, 7¢ per 100 cubic feet. 

In excess of 3500 cubic feet per month, 6¢ per 100 cubic feet. 


Industrial meter rate. - For first 5000 cubic feet per month, same 
as domestic rates. in excess of 5000 cubic feet per month 5¢ per 100 
cubic feet. 


Riverside has also an acreage rate for a portion of the city for- 
merly served by the Artesia Water Company. This is $7.00 per acre per 
year. 


Santa Ana 
Meter rates. - 


For the first 4000 cu. ft. or less in any one month at 
the rate of 10 cents per 100 cu. ft. 

For the next 21,000 cu. ft. at the rate of 8 cents per 
100 cu. ft. 

For the next 25,000 cu. ft. at the rate of 7 cents per 
100 cu. ft. and all thereafter. 


Monthly minimum meter rates:- 


For each 5/8" or 3/4" Service secseeccevesereree wie 00 
Piru UN  GoPviGh pilesdce®h sa sestearenrnacye LZ) 
For each 13" SEPVLGe: das yay eee ene ee sakisndt  2aeo 
For each 2% Service ecesccvvcescccvasesesrecves 3.25 
For each 3% Service ceoerecveresersvcesevseeres 4,/]5 
For each 4" Service eeccccovcecsevsvvecssevseves Teo 
Tie Gack 68  SAvVi0d vassadevs au reoe ees beandane “7ele 


The foregoing figures appear to indicate that, including capital 
charges, agricultural uses in Santa Ana Basin now support a cost of 
$10 to $15 per acre-foot for impasted water, and that two or three times 
that amount i8 beins met for water used for domestic and industrial pur- 
poses. Whether higher costs could be met would depend, of course, on 
. degrees of necessity, or on changes in other costs affecting the agri- 


cultural and other industries of the Basin, 
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TABLE A ,. - Assessed valuation of land along the Mojave River from the 
Forks to Newberry, listed as to school district and based 
on the 1934 San Bernardino County assessment 
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TOTAL ASSESSED VALUATION $562,847. 


BIG BEAR LAKE 


2 7 4 " 1,620. 
" 18 & Pt.Sec.7 ed " 850. 
HESPERIA 

Sec. 1 ve 3} N — Re 4 W 5 ocus 
: 12 " " 1,580. 
n 13 » 2,170- 
” a ae 4 N = Re 4 W 5,890. 
o 12 y " 3,200. 
- 13 ' " 2,000. 
" 24 " " 1,540. 
" 25 ” ” 1,540. 
“: 19 T 4&5 ="Ro o> W 280. 
" 30 ” n 440. 

APPLE VALLEY 

Sec. 4 fT. 4N~- Rs 3 W 2,480. 
n 5 ” ” 4.430; 
n 6 " ” 3,260. 
n q ? " 6,180. 
” 8 " 8 3,700. 
w 9 bd 2pcAe 
" 16 " " 2,560. 
" LT " ” 1,860. 
” 18 ” " 2,510. 
n 19 ” a 2,220. 
” 30 ” ” 2,670.6 
" 31 i) " 3,030. 
sd 30 T 5N-R. 3W 4,060. 
n 31 " ” ‘},Les 
" 24 is 5 N on Re 4 W 6,440. 
w 25 ” " 3,010. 
) 36 " 8 3,140. 
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TABLE A . - Contd. 


HODGE 
Sec. 6 T 8N-R.3 WV $ 790. 
a. 3 0 " 1,930. 
” 5 ) " 1,497. 
” 4 " " 2,390. 
" be TN = Be See 1,020. 
v 28 ” " 700. 
" 27 ” " 4,020. 
" 22 T.9N-R.3W 2,050. 
n 23 v " 1,840. 
ry) 15 " n 1,860. 
" 14 ” w 1,830. 
HINKLEY 
Sec. 11 T.9N-R.3W 2,400. 
” 10 ” " Lots 
n 2 n " 5,110. 
8 3 n " 2,000. 
" 35 . T.I0N-R.3W 6,800. 
” 34 " ” 3,590. 
” 28 n " 8,750. 
n 27 ” " 6,500. 
n 26 " " 7,660. 
” 23 T.ION-R. 3W 5,290. 
" 22 n n 554906 
n 15 n Ly) 2950s 
” 14 ” w 2,470. 
n 17 " " 1,920. 
n 10 0 Lu) 1,920. 
TODD 
Boos ft Teo No Ra oF 2,110. 
” 12 n n 1,210. 
bs 13 n) ” 1,600 
” 24 ” ” 2,440. 
8 3 T.9N-R.2W 1,760. 
n 4 ” B 5,510. 
0 . " 3,170. 
” 6 T 9N-R.2W 351706 
* 7 ” n 2,160. 
" 8 v ” 1,760. 
Z 9 ” n 1,840. 
: a a: ae 
vn a ' 9” ° 
” ai T.10N-R.3W 6,860. 
” 25 " LU) 6,780. 
" 24, " " 2,110. 
» 29 T.ON-R.2W 1,230. 
+ 30 ” ” 4,890. 
" 31 W " 4,320- 
v 32 " " 5,360, 
n xs " n 3,990. 
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eae. 2 Tf GN - BR. 2 $ 3,310. 
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w n 690. 
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¥ 4 " n 1,600. 
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y «10 " " 05240 
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" nh. Lt hee 9 N bial Re 1 W 480. 
# 13 " " 600. 
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n 18 e " 1,340. 
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FAIRVIEW (Cont td) 
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ae » - Records of water levels at typical wells in the Upper 
ojave Valley along the river. (See Plate 5A in Appendix.) 


Well No. U-1 Owner: Olive, (formerly West) 


as and description: Southeast corner of NW; of NEg, Sec. 13, T. 3 N., 
- 4W. S.BeB. & Me. On top of bluff at west side of road from West Fork 
saddle to bottom of McInnis crossing. 

Use: Domestic. 

Reference point: Top of 2" x 12" board cover on well at ground level. 
Elevation of reference point ("R.P."); 3012.5 feet. 


sDist.R.P.t : Dist. RePet :Dist. RP. 

Date sto water : Date t to water : Date sto water 

: surface : : surface ; : surface 
Feet Feet eet 
May 15, 1922 6960 1/ hors jelgel9s0 ey, Feb... 20, 1932 . 80.2 
ems 111, 1923 af 6 1/ wee. sellgohg50 81.0 Mer... 18; 1932 . 99s3 
Sept. 27, 1923 169 1/ Jen. 27, 1931 719.8 June 9.1932 Pied 
Oct. 18, 1923 és. 7 1/ Mar. 4, 1931 19.0 Auge 95 1932 Jou8 
Dec. 6, 1929 84.9 May ky LOSL 718.0 Nove 3, 1932 84,8 
Mar. 5, 1930 80.5 Nov. 13, 1931 88.7 Dec. ~ 14, 1933 83a7 
dor. 1, 1930 193 Jan. 7, 1932 8169 Jan. 16, 1935 82.0 


if Measurement from W. P. Rowe. 


Well No. U-4 


Location and description: Near center of SEi, Sec. 12, T. 3 No, Re 4 Wey 
S. B. be & M. On west side of Mojave River just es McInnis crossing. 


Use: Stock windmill, 





Reference point: Top of 


Elevation of reference point ("R.P 


Bt OH Pe 
:Dist «RePe: s DisteRePei ‘Dist «ReP. 
Date sto water Date : to water 3 Date tto water 
: surface : surface : : surface 
Feet Feet Feet 
Dec, 64.1929 25.9 dry Jan. 27, 1931 14.3 Jan. y Ris 6.0 
Mar. 8, 1930 8.4 Pebe ce0yqae Dt 8.6 Feb. 20444932 146 
Apr. Lye 930 803 Mar. A, 1951 Batt Mar 16404952 71.8 
Bee, ©12,,1930 8.1 May pee Cent 8.4 June 9, 1932 Pe 
Bor, , cl, 1930 865 Auger» 4pqh25t 20.8 Aug. Re UY 14.9 
Dec. 14453950 Lbs Oct. ligado SL 27. dry Nov. pe & g4 25» ary 
Jan. 1651935 8.3 


Ms 295504 feete 
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2" x 12" cover on concrete pit 36 inches in diameter. 
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TABLE B. -— Contd. 
Well U-9 


Location and description: Near northeast ¢ 15 4 

: Ne orner of Si; of NW} . 
R. 3 W., S-BeBe & Me ee en ae 
Use: Irrigation. 
sees point: Top of 5 foot concrete pit curb at ground surface on north 
side. 
Elevation of reference point ("R.P."): 2897.3 feet. 


tDist.R.Pe: sDist.R.P.; ‘Dist Rebs 

Date sto water ; Date tto water : Date :to water 

: surface : : surface ;: : surface 
Feet Feet Feet 
Mar. 6, 1917 32.8 bg Apr. 21, 1930 42.1 Feb. 20, 19352 4561 
Jan. 18, 1930 45.6 Apre 30, 1930 41.2 Mar. 18, 1932 40.2 
Mar. Digit 50 46.G Jens, 25,5 193k 45.2 June Ay WeS2 370 
wee, 17, 1930 45.8 Feb. 12, 1931 44.5 Aug. O ULs2 38.0 
Mar. 22, 1930 4567 Mer. 3, 1931 44.5 Nov. 3, 1932 40.0 
Bote - 1, 19350 44.2 May ie 195k irae May (47552924 44.8 
wore 14, 1930 AZ a1 July 28, 1931 45.8 Date. 205 328955 47.0 
Apr. 16, 1935 39 22 


1/Mojave River Commission Report. 


Well No. U-13 


Location and description: Near center of west line of SEZ of SEZ, Sec. 19, 
Pee me, Re > W., S.B.B. & M. 

Use: Test well. 

Reference point: Top of 2 inch pipe under coupling and plug 0.5 foot above 


ground level. 
Elevation of reference point ("R.P."): 2890.2 feet. 


a et DD 
Pa :Dist RP. 


‘Dist .R.P.: sDist Res «3 
Date sto water 3 Date sto watcr : Date sto water 
s surface ¢ * surface ; : surface 
Feet Feet Feet 
Jan. 28, 1905 39.6 1/ Feb. 20, 1931 3164 Nor. "37 1932 30.9 
June 12, 1907 10.8 1/ May 1, 1931 38.45 Mar. 3, 1933 3526 
Mar. 5, 1930 3904 July. 2hy 1932 38.6 Apr. 18, 1933 236 
Mar. 17, 1930 39.6 Nove 13, 1931 40.4 Dec. 14, 1933 3667 
Mar. 22, 1930 3905 Jans, 154 1952 41.0 May 17, 1934 3506 
fee 1, 1930 33.4 Feb. 19, 1932 30.4 Tens 9475 SbO55 42.1 
ieee, 8, 1930 2907 Mare 18, 1932 22.5 dan. 124, 1935 38.6 
Apr. 14, 1930 2746 Apr. 19, 1932 18.0 Feb. 7,.1935 37-1 
fore 21, 1930 2Tel May 5, 1932 16.6 Feb. 12, 1935 32.5 
Apr. 30, 1930 28.1 May 13, 1932 16.0 Habs 27,5. 1935 26.8 
May 12, 1930 2457 May 26, 1932 1592 Mer. 13, 1935 Pied. 
Deo. ~ 11,1930 3503 June 2, 1932 16.0 Apr. 16, 1935 18.7 
wen. 28, 1931 3609 July 15, 1932 22.6 May 8, 1935 i <i. 
Feb. 12, 1931 34-2 Sept. 7, 1932 2705 


1905 -— Dec. 1920) from records of 


+ and highest observations (Jan. 
led : Test well No. l. 


~ arrowhead Reservoir and Power Company. 
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Well No. U-17 Owner: W. O. Wade 


Location and description: In smthwest corner of NE} of NEY, Sec. 21, T. 4N., 
Re. 3 W., S-B.Be. & Me 

Use: Not used. 

Reference point: Top of curb at ground level. 

Elevation of reference point ("R.P."): 3100.5 feet. 


sDistieBePes *DiSteRere sDist RePe 
Date sto water ; Date sto water °: Date sto water 
z surface : : surface : : surface 





ikl SE. ce Th ate 1 AL SER a 
Feet Feet Feet 


Mar, 1, 1917 242.01/ Aug. 4, 1931 257.2 Sept. 13, 19752 253.0 
Jan. 9, 1923 247.6 2/ Jan. 20, 1932 258.0 Mar. 2, 1933 25406 © 


Oem, 51, 1930 255.7 Mer. 255 1752 256.8 Dece 21, 1933 25564 
mee, 17, 1930 255.0 Apr. 29, 1932 255.6 May 17, 1934 256.5 
eee 10, 1931 255.7 June 2, 1932 254.1 Jen. 24, 755 258.6 
May 11, 1931 256.6 July 20, 1932 253.0 May 8, 1935 abe Me 


1/ Mojave River Commission Report. 
2/ Measurement from W. P. Rowse. 


Well No. U-43 Owner: A. W. Phillips 


Location and description: Near northeast corner of NWE of NWZ, Sec. 6,7. 4N 
R. 3 W., SvBB. & Me 


Use: Domestic. 
Reference point: Crack in windmill foundation 0.5 foot above concrete block 


at casing level and 1.5 feet above ground. 
Elevation of reference point ("R.P."): 2873.0 feet. 


a rere ee Ds 
:Dist.R.P. 


sDist<R-Pe: ‘Dist. RP: 
Date sto water : Date sto water ? Date tto water 
¢ surface : surface = : surface 
Feet Feet Feet 


Zep. 24, 191’) 515 Af Nove. 10,493) by eae Oct. 8, 3932 56.2 
fen. 25) 1930 56.3 Jan. f Pe bf ieee. Nov. 44 4952 55.8 


Jan. 26,1931 56.2 feb. 19, 1932 56.9 Dec. 21,1933 5623 
Feb, 17, 1931 56.1 May 27, 1932 56-3 2/ May 17,1934 517.6 2/ 
May 7, 1931 56.8 July 20; 1932. 56.2 Jam. 16,1935 57-4 


July 28, 1931 59-0 2/ Sept. 13,1932 56-3 May G..1935 55-7 
~ May 22,1935 5565 


1/ Mojave River Commission Report. 
2/ Windmill pumping. 
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Well No. U-57 


Location and description: In NW%, Sec. 18, T. 5 N., Re 3 W., S.B.B. & Me 
In old pumphouse. 

Reference point: Top of broken concrete pipe 1.0 foot above ground and 
7-25 feet above top of steel casing. 

Elevation of reference point ("R.P."): 2910.4 feet. 


sDist.R-Pe: sDist.R.P.: sDist.R.P. 
Date sto water }; Date sto water : Date sto water 
f surface : s surface : : surface 

Feet Feet Feet 


Feb. 27,1917 98.01/ Jan. 30, 1931 106.7 Apr. 29, 1932 10647 

wens 13, 1923 104.2 27 May 255.1931 107.5 July 25, 2932 106.6 

Jam. 25, 1930 106.7 Auge oe to. 107.9 Mar. de By 106.4 
Bebe wl, 4935 10765 

1/ Mojave River Commission Report. 

2/ Measurement from W. P. Rowe, 


Well No. U~59 Owner: Lee Saul 


Location and description; 1000 feet northwest of Sz corner of Sec. ll, 
ie ON., Re. 4 W., S.B.B. & M. 


Use: Domestic, 
Reference point: Top of 8 inch 0.D. casing 2.6 feet above ground. 


Elevation of reference point ("R.P."): 2788.3 feet. 


sDist Res: ‘DisteR«Pet :Dist RePe 
Date sto water ; Date sto water ; Tate sto water 
s surtace..: : surface: s surface 

Feet Feet Feet 


gon, 30, 1931 56.4 July 28, 1931 5601 June 15, 1932 55.2 
Feb, 14, 1931 55.8 Nov. 12, 1951 5569 May 8, 1935 5544 
May 14, 1931 55.8 Mare 22, 1932 5555 
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TABLE B . —- Contd. 


Well No. U-72 


Location and description: Near southwest corner of Sec. 36, T. 5 N., R. 4 We, 
S.B.B. & M. 

Use: Irrigation. 

Reference point: Top 2-inch wood curb on west side of pit 0.2 foot above 
grounds 

Elevation of reference point ("R.P.”"); 2824.8 feet. 


np 
sDist ReP.e: sDistR Pe: :Dist RP. 
Date sto water : Date sto water : Date :to water 
s surface : s surface ¢ : surface 
Feet Feet Feet 
Pore Le, “1917 4.0 1/ May 2, 1931 9.4 ADs i229). A952 6.0 
Feb. 1, 1930 2 ae Or ee eek) See ers Sept. 13, 1932 78 
Apr. 5, 2950 6 «6 Odie? O, 231 8.5 May 24, 1933 Sad 
Jan. 28, 1931 8.4 Nov. 12, 1931 8,0 Dece 21, 1933 6.2 
Pep. 14, 1931 8.4 Gite: se eee T4 May 17, 1934 669 
war, 20, 1951 8.3 Feb. 24, 1932 5.8 May 22, £935 5e5: 


1/ Mojave River Commission Reporte 
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TaBLE C . - Records of water levels at typical wells in the hiddle lio jave 
Valley along the river. (See Plate 5B in Appendix,) 


Well No. M-3 Owner: John Bennette 


Location and description: In SW; of NEL, Sec. 19, T. 6 Ney Re 4 We, 
S.B.B. & Me Near water tank south of cottages. 

Use: Domestic. 

Reference point: Top of l-inch well curb at ladder 2.5 feet above ground. 











“Dist. RiP: SDL Steliae et sDist ,RaP. 

Date sto water ; Date sto water : Date :to water 

; surtace : : surface 3} : surface 
Feet Feet Feet 
Sept. 4, 1930 1969 Novs, 20) 7931 4° 3671. If Bente! 7.2932 7 aes 
Dec. 12, 1930 18.3 Taner side P52 «7° 19,50 1/7" Jans *10,-1934 “186 
May 20, 1931 18.9 1/ Feb. 23, 1932 20.8 1/ Jan. 21, 1935 18.4 

ue. | 5, 1931 19.4 June 1, 1932. 22.4 1/ 


i/ Windmill pumping slowly. 


Well No. M-15 


Location and description: In southeast corner of Sece 51, T. 8 N., 

R. 4 W., S.B.B. & Me 

Use: Not used. 

Reference point: Top of concrete curb under two railroad ties which is 
10.71 feet above top of 14-inch casing in pit. 








JD RUSH HE le ae SiC Ureitet oc SOLS bane. 

Date :to water : Date sto water 3: Date sto water 

¢ surface ; 7 SuUrLace as + surface 
Feet Feet Feet 
Bept. 5, 1930 1609 Cote 2 2952 16.0 Jyune alg Le ou 15.0 
Rec. 15, 1950 1540 Nove 55 1931 1504 Se0 Bere sise £75e Lid 
Mar. 20, 1931 14.5 Jats Jy OSE 14.8 Ten, 10, 1954 1500 
May 20cm dG SL 14.8 Feby2375 2922 14.4 ways Sy bee o 15.0 

Auge ho. L509 Mare 23, 1932 14.4 
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TABLE C e - Contd. 


Well No. M-40 Owner: L. S. Emerson 





Location and description: In SW= of Siz, Sec. 34, T. 9 N., Re 3 Wey 
S.B.B. & Me. Pumping plant at south edge of highway. 

Use: Irrigation. 

Reference point: Three notches in timber at ground level in northwest 
corner of pit. 

Elevation of reference point ("R.P."): 2273.4 feet. 

















sDist RePs? sDist .RePe: *Dist RP. 

Date :of water : Date sof water : Date sof water 

‘sunpPacems: * SuBrace: < : surface 
Feet Feet Feet 
gems 15, 1919 16,1 1/ Auge 5, 1931 15.6 May 18, 1932 12,0 
Jen. 14, 1923 Shek 2/ FOSKOb 7) 202) 16.9 Sept .23, 1932 14.8 
Jam. 24, 1930 16.5 Nove 17, 2931 ia Nov. 15) 234¢ 1565 
Sept. 11, 1950 255 Deo. 255.3931 re Mer. 2, 1353 Less 
mee. ie, 1930 16.7 Feb, 15, 1932 12.6 Dec, 124, 1933 16,8 
Fed. 13, 1931 14.7 Feb. 23, 1932 12.9 Jan. 7, 1935 3/ 17.0 
Mare 17, 1931 13.5 Mar. 17, 1932 19.0 Jan. 21, 1935 1669 
May 6, 1931 139 Apr. 6, 1932 1169 Hep. 6, 1935 3/ 15.0 
ors U5 1935 12.8 


1/ Measurement from W.S. Paper 578, page 435, Well 79. 
2/ Measurement from W. P. Rowe. 
3/ River flows on surface west of well about first of each yeare 


Well No. 51 Owner: J. Slagill 


Location and description: In NEz of NE;, Sec. 28, T. 9 Ney Re 3 We 
S.B.B. & M. At edge of river. 


Use: Domestice. 
Reference point: Top of l-inch cover of pit at ground level. Casing in 


bottom of pit. 








‘DisteRePe: :Dist.R.P. 








‘Dist «hele. 

Date ‘of water : Date sto water <« Date sto water 

* surface 3 ‘ surface : + surface 
Feet Feet Feet 
Sept. il, 1930 17.0 Cite Tees Cowes Mars 4, 2932 ZA 
Feb. Ese 2954 bea Neds 235 2955 eee Jen, LO, 2933 sl 
Mar. a 3952 4.6 Sany, ots a9 oe 2064 Feb. 9, 1934 4.3 
Auge 1931 20.2 Rabi. Ag Ase 14.45 Tatig (“hs oo> 2159 
ne 4 Webs 0; 1935 6.2 
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TABLE C . - Contd. 


Well No. M-52 





Location and description: In Sk, of Siz, Sec. 10, T. 9 N., R. 3 W., S.BeB.& Me 
On hill. 

Use: Not used. 

Reference point: Small hole punched in west side of casing, 0.5 foot above 
ground. 

Elevation of reference point ("R.P."): 2292.2 feet. 














PULSt Ree ss DSU wht 6c ss 21d Siveut sive 
Date sto water °: Date :to water : Date sto water 
s+ Ssuniace.s 2 surtace « : surface 
Feet Feet Feet 
mone. 4, 1950 90.8 Mar. 29, 1932 91.9 Jane, J, 2955 91.4 
Hebe 25, 1931 91,4 July 26, 1932 Ot 67 Jansiel, 1955 9154 
Auge 6, 7941 91.4 Dees. 22,. 1932 OLA Feve.n8, 1935 91355 
Mar. 10, 1932 ols 7 Feb.» 9, 1934 Oak 
Well No. M-56-4 Owner: Bullock 


Location and description: Im southwest corner of Ni; of Nz, Sec. 14, 
T. 9 Ne, Re 3 We, SeB.B. & Me «at pumping plant on east side of road. 
Reference point: Top of 2-inch well cover at ground. 

Elevation of reference point ("R.P!): 2213.9 feet. 


ee ne mnt ai: veer aT 








D1 Sb erer «3 sDist R Pe: :Dist.R.P. 

Date sto water : Date sto water : Date sto water 

> Surtace.ss $s surface. \* : surface 
Feet Feet Feet 
Dec. 19, 1930 2540 Mar. 29, 1932 16.0 Sen, Ty 29> 2349 
Mar. 17, 1931 2464 July 26, 1932 La60 Feb. 8, 1935 23.8 
Bie «25, 1931 case Gots, Sg )98e 14.2 fore, Le 2955 2263 
Mate . 4, 1932 2540 Decs. 22, 1932 16.0 Bree. 1] i F955 18.3 
Mer. 4, 1932 LTé Jars, 10,) 1934 ba! | Sore 255 F752 17.8 


“ig5- 


ai Hehe ied hd é oh ‘ 


{@ aT ,O2 e666 oe i) ia at om 3 gis + 


sfesd te ohio feaw i hedosug efod Liens 



















onl 


° a SAE ROOT RR NY La GET EE ONT OS owing , mpaneninarenn ie 
= ME :> Z uw be tae SERS -t* . 
TOR vr ; tTevaw OF: stot : xefew of: 
wos bx! , sont ume ).. > OB kti 
2. Pe ONO er ee ie ee tts en ey Henne gigi ~ 
Je | IHD as 
wee Teeter . 
es erin rik SERL eS ote = BADR 
be Cf? SRL ,oS Elut a, Le 
Bei dat 2.i¢ Sei ,5S sped . Abele 
; {, £2 KEGEL ~e wet Tt? 
isoi ly 7 THOR 
tt ee oa fy 
“9 Wi to rosw.s reowdives af sagtighsosed 
frees oc Yaslq paigqmvg ta aM A eheGeG galt 
<bouets ta vevoo Liew domt~-$ Yo qo?  ssmboes 
,feot ©2553 t01G.8") sateg sogetetes Te) 
@ 
— eae bh ——- Tee ale ae oath maine 4 : “ - 
«i. lew . nm. SBE + see Biws 





- on 
- 
a 
. 
* * 
.° = 
4 
éu® 
‘a 
iw? 
: 











tedcw of: 9tag : tedew OF; 
3 erates 3 

tao ; 750 
Sain 


t Gi ster .€S aM But 
aed Stel ,o§ ylut d,SS 

7 bee J SteL eX a7O Co%S 
Owe Stel SS «008 Dee 

wil wR I Kali 


fenlLe C . —- Contd. 


Well No. M5 7-4 





Location and description: In northeast corner of Si; of SE-, Sec. 15, T.9 Ne, 
Re. 3 We, S.B.B. & M. On west side of road at edge of river. 

Reference point: Top of 12-inch casing near 30-inch casing, 3.0 feet below 
ground. 

Elevation of reference point ("R.P."): 2217.9 feet. 


| SN 

















SIDE eat ek ot ‘Dist .RaPs.: sDist RP. 

Date :to water : Date sto water : Date :to water 

s suniace & ; suriace. = : surface 
Feet Feet Feet 
Dec. 19, 1930 17 oe Feb. 4, 1932 18.4 July 26, 1932 6.2 
mere 2/;, L9SL 18.5 Mar. A, 1932 3,8 Jan. ‘Le: toe 18.8 
Aug. OD a9 SL 1D ail: Mare 29, 1932 226 Feb. 8, 1955 19.1 
Apr. 17, 1935 704 


Well No. M-66 


Location and description: Near center of south line of SH; of My, Sec. 34, 
T. 11 N., Re 3 We, S.BeB. & Me 0.6 mile north of south line of Sec. 34 in 
galvanized pump house with cottonwoods 300 feet east of road. 

Use: Not useda 

Reference points: Top of 12" x 12" timber across pit, 1.5 feet above curd 
top at ground level. 

Elevation of reference point ("R.P.'"): 2086.9 feet. 


sDist H«Pe: bis Dalsciben eds wis sDist.H-P. 
Date sto water =: Date sto water $ Date sto water 
PESUrrace ls i. surtace 5 : surface 

Feet Feet Feet 








May 31, 1930 2925 Mar. 10, 1932 30.0 Feb. 9, 1934 30.2 
Feb. 25, 1931 29.7 Mar. 29,1932 29.9 Mare 41,1935 30.5 
Aug. 27, 1931 2967 Dees 22,1932 30.0 


wl Bihn 






























az oo Soomitaon al tpolea 
: savin. Fo eh0e 7S DROT. 1° a tom ut » hedgta 4 


wealed ise? C a. ieee font- Tse onleso soali-Si te qor at i 
eee: ¥ 
rae, ataet &.7f5% * 3 eas EO as rate Ss Bt = } 


a ae oe — 


a f v 


« 





el al SG eT ~oas 
te TOLis tee Me FE EGS 
. ¥ eted t tetew oF§ 
persica £ s eoutvra = 
. - _ —— : apron emi, seme ; oy 


dens * GL > efet Pay | o£ed 
+e w ei a? 2 at ~ 2.8L LteLt 


44% SeeGi ,€8 «ta {.@4 


, %> xeta00 qosK smoltattoaeh aus 
$206 iften eLia Bs oo ® 4G sat c. oh 7 re 


13. 4 foul SOE ebowwdotfoo Adiw cauet Qwg Sem 
bear tal 

.f .iig eserse wdosd “SA x PSE To qot tonics 
elevel Sauo0F 


fost €.4 & a{*si.8 4.8") tatog someastet to aes 


ed eS TD A ¥ ~ 
Se Satin tras teYetie TelGs 
t te a8: sted  Tevaw ov; 


oe © 
> 





‘ gym 4 : sont 


vo eu , 





ee 








P $i ‘ eT « LAM aes Grek 
“usd ¢.e4 shel , eS - unl Tees fEGL 
5 fees 





TABLE C . = Contd. 


Well Now M-71 Owner: A. H. Harris 


Location and description: Near southwest corner of Bets 25,5. Te LON, 

Re 3 We, S.BLB. & M. North of rock hill and east of road. 

Reference point: Top of railroad tie at ground level on east side of curb. 
Elevation of reference point ("R.P."): 2163.7 feet, 








GE pig Remiee *Di StaRve et *Distenele 
Date sto water : Date sto water : Date sto water 
* purrace 3 > surface : : surface 
Feet Feet Feet 
Sept. 19, 1930 26.69 Augés Li, 4931 28.0 Dede 22, 1932 28.5 
Dec, 19, 1930 26.9 Mar. 10, 1932 2640 Mar. Ly 1935 20sec) 
June 4, 1931 2 het Mars “23_. L952 Pee 
Well Now M-74 Owner: Js D. Rich 


Location and description; In southeast corner of Siz of Siz, Sec. 30, 
Te 10 Ne, Re 2 Wo, S.BeBs & Me 

Use: Domestic. 

Reference point: Top of wood clamp 0.47 foot above top of cement pipe 
casing which is 1.5 feet above ground. 

Elevation of reference point ("R.P."): 2179.0 feet, 





nN 


SDist sReP es? sDist RePe: :Dist.R.P. 
Date sto water : Date sto water : Date sto water 
. surcece Us 2 surtaco. is : surface 

Feet Feet Feet 


Boe, 26264, 3930 20.1 Nove 17; 1932 2224 May 12, 1932 2ige>u7 
Decs 19, 1930 20.8 Mar. 4, 1932 21.4 July 6, 1932 €5et a7 
Mer. 27, 1931 21.6 Mar. 29, 1932 21.9 deny 11, 1933 @0e6 
ize 13, 1931 2243 Apr. 21, 1932 2264 Jane 10, 1934 2009 
Jans. 21, 1935 —2ie6 


1/ Pumping nearby. 
2/ Windmill pumping slowly. 
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TABLE cy Contd. 


Well Now NM-85 Owner: E. M. Hawes 


Location and description: In southeast corner of NEg, Sec. 31, T. 10 N., 
Re 1 We, S. Be. Be & Me Across from old Chas. Mitchel house. 

Use: Domestic. 

Reference point: Top of 2-inch clamp on cylinder at average ground level. 
Elevation of reference point ("R.P."): 2094.1 feets 





sDistsRePs: sDist yRPe: sDist RePs 

Date sto water 3 Date tto water 3; Date sto water 

: surface >; , Suptace. i. : surface 

Feet Feet Feet — 
Bate 20,. 1919 11.6 if Auge 123, 1934 1267 May 10, LISe 843 
Apr. 4, 1930 10.0 Oct. ‘tg «29 32 12.7 AUG « 8, 1932 10.6 
Dec. 19, 1930 11.5 2/ Mer. 17, 1932 9.0 Nov. 125, 1932 1004 
May ta BIOL 11.9 = ANT, @7; 193° 8,4 Jans 23, 1934 10.2 


1/ Measurement from W.S. Paper 578, page 435, Well 60. 
2/ Pumping 300 feet south. 
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TABLE OD - - Records of water levels at typical wells in the Lower 
Mojave Valley along the river. (See Plate 5C in Appendix.) 


Well No. M-92 Owner: Gibbs 


Location and description: In NEz of NE}, Sec. 10, T. 9 N., Rw 1 We, 
S.B.Be & Me About 200 feet south of house. 

Use: Irrigation. 

Reference point: Top of square wood curb in underground house for pump. 
1.3 feet below cover on pit. 


“Dist .RePot sDist.R.P.: ‘Dist. RP. 
Date :to water : Date sto water : Date sto water 
; surface : s surface : : surface 

Feet Feet Feet 


Sept. 12, 1925 10 

Met. 11, 1927 4.1 
Oct. 6, 1928 168 
May 30, 1930 99 


» Bf gene C1y-1991. 2 
1/ Nove 24, 1931 1 


0 
0 
if Mar. 23, 1932° 5+ 
May 26, 1932 3 


2 Nov. 15, 1952 5el 

eo] Feb. 15, 1935 10.4 
2 May 295.4952 10.9 
2 


1/ Measurement from W. P. Rowe. 


Well No. L-l Owner: B. A. Funk 





Location and description: Southwest corner of Miz, Sete 18, Ts 9. Nes Re & Esy 
S.B.B. & Me South side of Van Dyke Ditch above Greer’s ranch. 

Use: Irrigation. cae 

Reference point: Top of 4" =x 6" well curb on south side at average ground 
level. 

Blevation of reference point ("R.P."): 1996.8 feet. 








ee ee, Ee YES «BL Oe 
sDist R-P.: :DisteR Pe: :Dist.R.P. 
Date sto water : Date sto water : Date sto water 
: surface : : surface = : surface 
Feet Feet Feet 


Sept. 12, 1925 25.8 1/ Jan. 20, 1930 29 26 Jan. 21, 1931 30.8 
Mar. 21, 1926 26.0 1/ Feb. 21, 1930 30.0 Apr. 23, 1931 3203 
Feb. 16, 1927 20.0 1/ Feb. 27, 1930 30.0 Aug. 12, 1931 33.2 
May 12, 1927 10.3 1/ Mar. 7, 1930 30.0 Nov. 23, 1931 3301 
June 22, 1927 10.8 2/ Mer. 19,1930 30.1 Feb. 16, 1932 2549 
Oct. 11, 1927 152 1/ Apres 16, 19370 320 Apr. 6, 1932 11.4 
Mev. 23,1928 25.8 1/ May 17,1930 30.8 Mar. 30, 1934 24.9 


‘ 1928 25,8 1/ May 29, 1930 30.8 Jen. 22; 1935 29.9 
aie! ee May 29, 1935 314 


1/ Measurement from W. P. Rowe. 
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TABLE D.- Contd. 


Well No. L-16 A Owner: Edwards 


Location and description: Near center of west line of NW, Sec. 19, T. 9 Ne, 


Be > be, O-B.B. & Me 
Use; Old Edwards well to irrigate beyond dunes, 
Reference Reference point: Top of le inch casing, 


Elevation of reference point ("R.P."): 1860.1 feet. 


SVISUSRee Se sDist R.P.? 
Date sto water :; Date :to water : 
: surface : : surface 
Feet Feet — 
Mey 22,1922 Flowing 1/ Jan. 22, 1931 1.8 
May 8, 1930 5 ae liay yee & Pei 2n4 
May Ze, 19350 Led Feb. 26, 1932 cae 


1/ Measurement from W. P. Rowe. 


Well No. L-19 Owner: iclinkenbeard 


sDist.R.P. 
Date sto water 
surface 

Feet 





nro 


2 
July 13, 1932 Ce 
3 


Location and description: In northwest corner of Nilz, Sec. 54, Te. 9 Ne, R. 


5 Be, S.b.Be & dile 


Reference point: Top of wood curb 0.3 foot above well cover which is at 


ground level. 


Elevation of reference point ("R.P."): 1827.9 feet. 


2DLeteltel os “Dis Pedltek as 
Date sto water : Date :to water 
surtace. = : surface 





Feet Feet 


Nov. 18, 1919 29.41/ Feb. 28, 1930 28.2 
May 22, 1922 29.2 2/ Mar. 23,1932 28.6 


sDist.«R.P. 
Date sto water 
: surface 

Feet 





hors 27, 1932 2645 
Feb. 14, 1934 29.2 


1/ Measurement from W.S. Paper 578, page 469, Well 111, corrected for change 


in reference point. 
2/ Measurement from W. P. Rowe. 
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TaBLE D. = Contd, 


Well No. L-20 Owner: Dr. Lyle Graham 


Location and description: Near northwest corner of NEz, Sec. 4, T. 8 N. 
on E., S.B.B. & M. At northeast corner of reservoir. 10 feet west of 
Use: Irrigation, 

Reference point: Top of 3-foot concrete curb. 

Elevation of reference point ("R.P."): 1821.4 feet. 


*Distenels< SDLSUsehsl as :Dist.R.P. 
Date :to water 3: Date :to water ¢ Date :to water 
: surface : : surface : : surface 

Feet Feet Feet 





Apres 15, 1930 Flowing Dec. 7, 1931 Flowing Apr. 28, 1932 Flowing 
June 5, 1931 Flowing Feb. 26, 1952 Flowing Feb. 15, 1933 Flowing 
Jan. 30, 1935 Fiemime 


or F 
Well No. L-42 Owner: G. Linquenfelder 


Location and description: Near center of Sijz, Sece 15, T. 9 Ne, Re 1 He, 
S.B.B. & il. North of Van Dyke's house on flat. 

Reference point: Top concrete slab at ground surface, west side of well, 
5.9 feet above 12-inch casing in pit. 

Elevation of reference point ("R.P."): 1963.7 feet. 





sDist RaPe: sDisteRPes :Dist R.P. 

Date gto water : Date sto water : Date sto water 

¢ surface : s.curiace: z : surface 
Feet Feet Feet 
Bug. 14, 1925 69.2 1/ Feb. 1, 1930 7404 Feb. 27, 1932 Tes 
Apre 15, 1926 Tle9 1/ May 23, 1930 175-2 Mare 24, 1932 1736 
Men. 16, 1927 14.2 1/ Apre 22, 1931 yee Jen. 23, 1954 . 7568 
Oct. 10, 1927 69.5 31/ Dec» 7, 1931 71 Jan. 22, 1935  79»2 
Oct. 21, 1928 70.7 1/ Feb. 16, 1932 179.2 liay 29, 1935 80.3 


1/ Measurement from W. P. Rowe. 
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TAPLE D « = Contd, 


Well No. L-51 Owner: McCormick 


Location and description: Near center of NEZ, Sec. 3, T. 9 Ne, Ro. 2 Ee, 
S-B.B. & M. Hast of house and mill near steam boiler. 

Use: Domestic. 

Reference point: Top of 12 inch casing at hand pump. 0.9 foot above ground. 
Elevation of reference point ("R.P."): 1844.0 feet. 


RS 











sDist»eR.P.¢ sDist RP: sDist ReP. 

Date :to water : Date sto water : Tate :to water 

$ surface ¢ S surteace + : surface 
Feet Feet Feet 
Nov. LL, 2913 13.5 1/ Jan. 22, 1931 19.0 Jam. il, 19353 18.6 
May 17, 1922 525 2/ Sept. 24, 1931 20.2 Jan. 23, 1934 20.5 
mets 15, 1922 6.6 ef Jane 21, 1932 19.5 Jane 30, 1935 2169 

May 23, 1930 16.5 Apre 27, 1932 1647 


i/ Measurement from W.S. Paper 578, page 467, Well 55a, corrected for change 
in reference point. 
2/ Measurement from W. P. Rowe. 


Well No. L-52 Owner: Fisher 


Location and deseription: In northwest corner of SE;, secs 5, Tw 9 Ney 

R. 2 E., SB «Be & Me. 100 feet northwest of house. Old three leg steel 
tower, no mill. | 

Use: Domestic. 

Reference point: Top of steel cover on 10-inch casing, 1+3 feet above grounds 
Flevation of reference point ("R.P."): 1859.4 feet. 








Distensl +: sDist. RePei :Dist.RePe 

Date sto water ; Date sto water : Date :to water 

; surface : : surface :_ : surface 
Feet Feet Feet 
webs e0, 19350 ey ae: 80, 2e, 275. 509 Apres 27, i932 6.2 
May 23, 1930 6u3 Sept. 24, 1931 769 fen. il, 1933 6.4 
fan. 29, 1935 667 
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TABLE D s = Contd. 


Well No. L-63 


Location and description: Near center of Sec..18, T. 9N., R2E., 
S.B.B. & M. Corner of Soap Ranch, 

Reference point: Top of 12-inch casing 1.0 foot above ground, 
Elevation of reference point ("R.P."); 1934.7 feet. 


sDist sR Pe: sDist RePs: sDist .RePe 
Date sto water 3 Date :to water ; Date sto water 
: surface ¢ s surface : : surface 

Feet Feet Feet 











June 13, 1924 48.0 1/ Feb. 28, 1930 56.7 Nove 2, 1932 5745 
Sept. 13, 1925 52.0 1/ May 8, 1930 Syed Jan. 11,1933 5748 
Mar. 15, 1926 50.3 df dens 2, 1931. 502 Jan. 23, 1934 59.2 
Mer. 3, 1927 Seee lf Mere 7, 1932 5555 Jan, 22, 1935 60.7 
Sept. 12, 1928 Saal Lf Apre 21, 1932 57s4 May 29, 1935 61.2 


1/ Measurement from W. P. Rowe. 


Well No. L-68-A Owner: Scobel & Haimut 


Location and description: In Siz Sec. 14, T. 9 N., R. 2 EL, S.BeBe & Me 
Northeast of L-606. 

Reference point: Top of casing at ground. 

Hlevation to reference point ("R.P."): 1886.0 feet. 


nen nT ot, DD 
sDist RP.: sDisteRels% sDist.RP» 
Date tto water ; Date sto water : Date :to water 
: surface ; : surface : ¢ surface 
Feet Feet Feet 
Nov. 10, 1925 15.8 af Oct. 9, 4930 19.0 Jans 11, 13753 19.8 
Mar. 7, 1927 16.6 1/ Aug. 26, 1931 22.8 2/ Feb. 14, 1934 20.8 
Sépt. 12, 1928 20,3 1f Jats 28, 1952 20.2 Jans 30, 1933 2185 


Feb. 28, 1930 Olel Mar. 17, 1932 22.62/ May 29, 1935 24.7 2/ 


1/ Measurement from W. P, Rowe. 
2/ Pumping nearby. 
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TABLE D % = Conte 


Well No. L-78 Owner: Henderson 


Location and description: South of center of Niz, Sec. 34, T. 10 Ne, Re 3 d., 





S.B.B. & Mi. 
Reference point: Top of 14-inch casings 
Elevation of reference point ("R.P."): 1774.9 feet. 





SDisteliers Pieter. Fst 
Date sto water : Date sto water ; Date 
% suriace: ¢ $ surface ; 
Feet Feet 








Nov. 25, 1919 12.0 1/ Sept. 24, 1931 


1/ Measurement from W.S. Paper 578, page 465, Well 24. 
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9.8 Feb. 154, 1933 
wer, 1, 1930 8.2 dors 205.1932 825 Feb. 14, 1934 


‘Dist. R.Ps 

sto water 

: surface 
Feet 





8.8 
8.9 
Fel 
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